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RESUMO 
O jambu (Acmella olerarea (L.) R.K. Jansen) é uma planta nativa da região Amazônica 
utilizada na culinária regional e na medicina popular. No entanto, existem na literatura poucas 
informações a respeito de sua composição. Deste modo, este estudo teve como objetivo 
caracterizar quimicamente, determinar a capacidade antioxidante e a atividade antimicrobiana
do jambu e verificar as alterações ocorridas quando submetido ao tratamento térmico (98 °C
por 8 min), além de verificar a contaminação dessa planta com hidrocarbonetos policíclicos
aromáticos (HPAs). Para a caracterização química do jambu foram determinados a 
composição centesimal, teores de minerais, vitamina C (ácido ascórbico e dehidroascórbico), 
fitosteróis, compostos fenólicos totais (CFT), e de flavonoides totais (FT), o perfil de 
aminoácidos e ácidos graxos, capacidade antioxidante pelos métodos de ABTS, DPPH, 
FRAP, ORAC, HOCl, H2O2 e O
•-
2 e atividade antimicrobiana. Para avaliação da 
contaminação do jambu com HPAs foi desenvolvido um método de extração com a utilização 
de um delineamento experimental Plackett-Burman. A quantificação dos HPAs foi realizada
por um cromatógrafo gasoso acoplado a um espectrômetro de massas (GC-MS). Verificou-se 
que após o cozimento foi observada uma redução significativa (p < 0,05) no teor de 
carboidratos, fibras totais, minerais, vitamina C, ácidos graxos insaturados e em alguns 
aminoácidos (ácido aspártico, cisteína, e triptofano). No entanto, os teores de cinzas, proteínas 
e ácidos graxos saturados aumentaram significativamente (p < 0,05) após o cozimento. 
Entretanto, verificou-se que os teores de fitosteróis, lipídios e de alguns aminoácidos (alanina, 
ácido glutâmico, serina, arginina, prolina, valina, treonina, isoleucina, leucina e fenilalanina) 
não foram significativamente (p > 0,05) alterados durante o aquecimento. Os teores de CFT e 
FT e a capacidade antioxidante por ABTS, FRAP, DPPH e ORAC foram duplicados após o 
cozimento, enquanto que os valores de capacidade antioxidante por HOCl e H2O2 foram 
reduzidos. Os extratos de jambu cru e processado apresentaram atividade antimicrobiana 
contra Salmonella Choleraesuis e Pseudomonas aeruginosa. O extrato de jambu cru também 
foi capaz de inibir Staphylococcus aureus e o extrato de jambu processado de inibir Bacillus 
cereus. O jambu apresentou uma pequena contaminação com os HPAs benzo(a)antraceno, 
criseno e benzo(b)fluoranteno. Foram encontrados maiores teores de criseno nas amostras a 
50 m da rodovia. Porém, entre as amostras a 160 m e 2000 m não foram encontradas 
diferenças significativas (p > 0,05). De acordo com os dados obtidos o jambu é 
nutricionalmente uma boa alternativa para aumentar a diversidade de espécies de hortaliças 
consumidas, mesmo com as perdas observadas após o cozimento. Também houve indícios de 
que o jambu pode proporcionar atividades biológicas quando consumido, além de ter
apresentado baixa contaminação com HPAs.
Palavras chave: Spilanthes oleracea, tratamento térmico, QuEChERS, HPAs.
ABSTRACT
Jambu (Acmella olerarea (L.) R.K. Jansen) is a native plant from Amazon region used in the 
local culinary and for folk medicine. Although it is very consumed in the north of Brazil, little 
is known about its chemical and nutritional composition. Thus, the aim of this study was to 
characterize chemically jambu, determine its antioxidant capacity and antimicrobial activity,
to verify the effects of the hidrothermal process (98 °C for 8 min) and also to evaluate jambu 
contamination with polycyclic aromatic hydrocarbon (PAHs). Therefore, the proximate 
composition, minerals, total amino acid, vitamin C (ascorbic acid and dehydroascorbic acid),
fatty acid, phytosterols, total phenolic content (TFC), total flavonoids content (FC), 
antioxidant capacity by ABTS, DPPH, FRAP, ORAC, HOCl, H2O2 and O
•-
2 and the 
antimicrobial activity were determined. In order to evaluate jambu contamination with PAHs 
was developed an extraction method using a Plackett-Burman design. PAHs quantification 
was performed using a Gas chromatograph coupled to a mass spectrometer (GC-MS). A 
significant (p < 0.05) reduction was observed in carbohydrates, total dietary fibers, minerals, 
vitamin C, unsaturated fatty acids, and some amino acids (aspartic acid, cysteine and 
tryptophan) content after the boiling process, with an increase in ash content, protein, and 
saturated fatty acids in the heat-treated jambu. Lipids, phytosterols, and some amino acids
(arginine, proline, valine, threonine, isoleucine, leucine, and phenylalanine ) levels were not 
significantly affected by the hydrothermal process. In general, cooking doubled the values of 
TPC, TF and the antioxidant capacities by ABTS, FRAP, DPPH and ORAC. However, the 
antioxidant capacity by HOCl and H2O2 decreased. Raw and processed jambu extracts
presented antimicrobial activity for Salmonella Choleraesuis and Pseudomonas aeruginosa. 
Raw jambu also inhibited Staphylococcus aureus and processed jambu inhibited Bacillus 
cereus. Jambu showed a small contamination with the PAHs benzo(a)anthracene, chrysene 
and benzo(b)fluoranthene. A significantly higher contamination with chrysene was observed 
in the samples collected in areas located 50 m from the highway. However, between the 
samples harvested from 160 m and 2000 m was not observed any significant difference (p > 
0.05). According to the data obtained, jambu may be nutritionally a good alternative to 
increase the diversity of vegetables consumed, even with the nutrients lost observed after the 
boiling process. There were also evidences that raw and processed jambu can bring biological 
activity when ingested. In addition, jambu presented low contamination with PAHs.
Keywords: Spilanthes oleracea, hidrothermal process, QuEChERS, PAHs.
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INTRODUÇÃO GERAL
De acordo com Kinupp & Lorenzi (2014) existem aproximadamente 30.000 
espécies de plantas comestíveis no mundo. No entanto, apenas cerca de 150 são utilizadas na 
alimentação humana e apenas 30 espécies são a base da alimentação humana, sendo que 
apenas três espécies (arroz, trigo e milho) correspondem a 60% das plantas utilizadas para 
este fim. Deste modo, a alimentação mundial e a segurança alimentar estão baseadas em uma 
pequena quantidade de plantas alimentícias. As plantas, que são amplamente conhecidas, 
aceitas e comercializadas são denominadas de plantas alimentícias convencionais. Em sua 
maioria essas plantas não são nativas da região na qual são cultivadas. Em média 52% das 
plantas consumidas no Brasil são nativas da Europa e da Ásia (IPGRI, 2002; FAO, 2004; 
Brasil, 2010a; Kinupp & Lorenzi, 2014; Kelen et al., 2015).
A maior parte das plantas comestíveis nativas do Brasil é considerada plantas
alimentícias não convencionais (PANCS). Essas plantas geralmente não são produzidas em 
larga escala, sendo assim, são pouco conhecidas, e consumidas. Deste modo, demandam
grandes explicações a respeito de seu nome, forma de preparo e consumo, além de 
apresentarem distribuição geográfica limitada a certas localidades e regiões. O seu cultivo e 
consumo, já em baixa escala, têm diminuído em todas as regiões do Brasil, devido sua baixa 
competitividade comercial e da mudança dos hábitos alimentares da população devido à 
globalização (Candotti et al., 1999; Brasil, 2010a; Kinupp & Lorenzi, 2014).
As plantas alimentícias não convencionais vêm sendo negligenciadas devido à
falta de conhecimento a seu respeito e os benefícios que podem proporcionar a saúde. Para
que possam ser mais valorizadas, são necessárias pesquisas que comprovem tanto seus
benefícios biológicos quanto seu potencial nutricional. Deste modo, essas plantas podem se 
tornar alternativas para as hortaliças convencionais, contribuindo para inserção de mais 
plantas na alimentação humana e para a preservação da diversidade cultural e genética, além 
de aumentar a renda da população rural e o número de espécies em que a segurança alimentar 
mundial dependa (IPGRI, 2002).
Um exemplo de hortaliça não convencional apreciada e consumida pela população 
do norte do Brasil é o jambu (Acmella oleracea (L.) R.K. Jansen), o qual é pouco conhecido 
no restante do país (Candotti et al., 1999). O jambu é bastante utilizado na culinária regional
em pratos como o tacacá e o pato no tucupi. Porém, também é utilizado pela medicina popular 
para o tratamento de doenças na boca e na garganta, dentes, reumatismo, anemia, gripe, entre 
outros (Lorenzi & de Abreu Matos, 2002; Borges et al., 2013).
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Muitos dos estudos realizados com o jambu apresentam o foco no espilantol (Bae 
et al., 2010; Boonen et al., 2010a; Boonen et al., 2010b; Dias et al., 2012; De Spiegeleer et al., 
2013; Franca et al., 2016; Dias et al., 2017). Este é um composto bioativo abundante no jambu 
e que apresenta diversas atividades biológicas comprovadas, como propriedades anestésicas e 
anti-inflamatórias (Nomura et al., 2013). No entanto, poucas pesquisas foram desenvolvidas 
com o objetivo de determinar as propriedades nutricionais e o teor de outros compostos 
bioativos. 
Mesmo o jambu sendo consumido principalmente cozido, até o presente momento 
não foram encontrados estudos avaliando o efeito do processamento térmico em sua 
composição química. O processamento térmico pode provocar alterações na estrutura e 
composição nutricional e fitoquímica dos vegetais. Sendo assim, pode haver variação na 
qualidade do alimento, assim como em suas atividades biológicas (Olsen et al., 2012; 
Giallourou et al., 2016).
A produção do jambu consumido na região metropolitana em Belém-PA é 
realizada principalmente em hortas familiares nas margens da rodovia BR-316 (Santa Izabel-
PA). Deste modo, essas plantas estão susceptíveis a contaminação com poluentes 
provenientes do escapamento dos veículos que trafegam pela rodovia. Entre esses 
contaminantes estão hidrocarbonetos policíclicos aromáticos (HPAs), que são poluentes 
orgânicos formados durante a combustão incompleta de combustíveis fósseis, como gasolina 
e diesel (EFSA, 2008). Sendo assim, é fundamental determinar a presença no jambu para se 
avaliar o risco que este vegetal proporciona ao consumidor.
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Este estudo tem como objetivo realizar a caracterização nutricional e avaliar a 
capacidade antioxidante e atividade antimicrobiana do jambu in natura e submetido a 
cozimento, além de avaliar sua contaminação por hidrocarbonetos policíclicos aromáticos
(HPAs).
OBJETIVOS ESPECÍFICOS
· Determinar a composição centesimal de jambu;
· Caracterizar e quantificar o teor de minerais em jambu por espectrometria de absorção 
atômica de chama (FAAS);
· Avaliar e quantificar o perfil de ácidos graxos por em jambu cromatografia gasosa acoplada
a um detector de ionização de chama (GC-FID);
· Determinar e quantificar o perfil de aminoácidos totais em jambu por cromatografia líquida 
de alta eficiência com detector UV-Visível (HPLC-UV);
· Quantificar o teor de compostos fenólicos totais e flavonoides totais no jambu;
· Avaliar a capacidade antioxidante in vitro de jambu com a utilização dos métodos 
convencionais de ABTS, FRAP, DPPH e ORAC;
· Avaliar a capacidade antioxidante in vitro de extrato jambu através dos ensaios de captação 
de espécies reativas de oxigênio: captação do ácido hipocloroso (HOCl), captação do ânion 
superóxido (O•-2) e captação do radical peróxido de hidrogênio (H2O2);
· Analisar a atividade antimicrobiana do extrato de jambu através da determinação da 
concentração inibitória mínima contra os micro-organismos Escherichia coli ATCC 11775, 
Salmonella Choleraesuis ATCC 10708, Pseudomonas aeruginosa ATCC 13388, 
Staphylococcus aureus ATCC 6538, Bacillus cereus CCT 2576, and Candida albicans ATCC 
10231;
· Avaliar a influência do processamento térmico nas características nutricionais, capacidade 
antioxidante e antimicrobiana do jambu;
· Desenvolver e validar um método de extração e quantificação de HPAs em jambu;
· Determinar a presença de HPAs em jambu e avaliar a influencia nos seus teores com a 





1. HORTALIÇAS NÃO CONVENCIONAIS 
Hortaliças são plantas herbáceas das quais uma ou mais partes são utilizadas para 
alimentação humana (Brasil, 1978), fornecendo componentes essenciais, como vitaminas, sais 
minerais e fibras. Sendo assim, regulam as funções básicas do organismo humano, além de 
serem de fácil digestão, auxiliar na saciedade, e apresentam baixo valor energético (Brasil, 
2010b; Brasil, 2010a). De acordo com WHO/FAO (2003), é recomendado o consumo de no 
mínimo 400 g de frutas e vegetais por pessoa por dia, para a prevenção de doenças cardíacas, 
câncer, diabetes, obesidade e deficiências de micronutrientes.
Apesar da importância nutricional das hortaliças, houve uma diminuição do seu 
consumo e um aumento da ingestão de produtos industrializados em decorrência da 
globalização e do acelerado ritmo de vida da população (Brasil, 2010a; Kinupp & Lorenzi, 
2014). Segundo a Organização Mundial da Saúde outras razões para a diminuição do 
consumo de hortaliças é o sistema de produção ineficiente, que causa perdas durante o 
cultivo, pós-colheita, distribuição e comercialização (WHO, 2003).
As hortaliças convencionais são amplamente conhecidas, aceitas e 
comercializadas como, por exemplo, alface, repolho e rúcula. As hortaliças não convencionais 
são plantas que não fazem parte do cotidiano. Deste modo, demandam grandes explicações a 
respeito de seu nome, forma de preparo e consumo, além de apresentarem distribuição 
geográfica limitada. Alguns exemplos de hortaliças não convencionais são o jambu, alfavaca,
chicória do Pará, ora-pro-nóbis, taioba, entre outras (Candotti et al., 1999; Brasil, 2010b; 
Kinupp & Lorenzi, 2014).
As hortaliças convencionais, na maioria das vezes, não são nativas das regiões 
onde são cultivadas, sendo assim, elas podem não suportar as condições edafoclimáticas 
(calor e a seca). Portanto, necessitam de irrigação, adubo, e de agrotóxicos, pois não são 
resistentes a pragas locais (Candotti et al., 1999). As hortaliças não convencionais possuem 
maior resistência por apresentarem uma maior variabilidade genética, visto que sofrem 
seleção natural na qual apenas as plantas mais aptas sobrevivem (Kinupp & Lorenzi, 2014). 
Logo, estão adaptadas as condições de climas e solo de uma determinada região e apresentam 
proteções naturais contra as pragas dessa localidade. Consequentemente, necessitam de menos 
agrotóxicos e menos manejo durante o cultivo (Candotti et al., 1999; Kinupp & Lorenzi, 
2014). No entanto, as hortaliças não convencionais foram e vêm sendo substituídas por 
hortaliças convencionais, que apresentam uma maior produção e valor comercial. Deste 
modo, ocorrem perdas culturais, nutricionais e de identidade (Brasil, 2010b).
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O resgate dessas hortaliças não convencionais é fundamental para se evitar o 
processo de extinção dessas plantas, além disso, apresenta benefícios econômicos, culturais, 
sociais, e nutricionais (Pedrosa, 2012). O cultivo das hortaliças não convencionais 
normalmente é realizado por agricultores familiares utilizando-se tecnologia mais simples 
para sua produção, sendo as técnicas de cultivo passadas de geração em geração (Brasil, 
2010b). Nutricionalmente, as hortaliças não convencionais normalmente apresentam teores de 
minerais maiores que as hortaliças convencionais e, em geral, podem ser mais ricas em fibras, 
proteínas e em compostos bioativos (Fasuyi, 2007; Hounsome et al., 2008; Jackix et al., 2013; 
Oliveira et al., 2013; Pradhan et al., 2015). No entanto, são necessários mais estudos para a 
comprovação dos benefícios nutricionais e nutracêuticos das diversas hortaliças não 
convencionais, com o objetivo de valorizar esses alimentos (Kinupp & Lorenzi, 2014). Deste 
modo, essas plantas podem vir a contribuir para a segurança alimentar, preservação da 
diversidade cultural e genética e aumento da renda de populações rurais (IPGRI, 2002).
2. JAMBU
A planta Acmella oleracea (L.) R.K. Jansen (bas. Spilanthes oleracea; sin. 
Spilanthes acmella var. oleracea) (Figura 1) pertence à família Asteraceae e é popularmente 
conhecida no Brasil como jambu, agrião do Pará, agrião do norte, agrião do Brasil, agrião 
bravo e abecedário (Nascimento et al., 2013; Kinupp & Lorenzi, 2014). O jambu é nativo da 
região Amazônica, no entanto, também há relatos de cultivo de jambu na América Central, 
África, Ásia e em alguns países da Europa, como na Espanha (Cardoso & Garcia, 1997; 
Brasil, 2010b; Navarro-González et al., 2015). Possui como característica marcante 
proporcionar uma sensação de formigamento, dormência e salivação ao ser mastigado. Esta 
sensação é provocada por um metabólito secundário, presente nas folhas e flores, denominado 
espilantol (Nakatani & Nagashima, 1992; Ley et al., 2006)




O jambu é uma planta herbácea perene, aromática, de 20 a 40 cm de altura, semi-
ereta ou quase rasteira, e geralmente não apresenta raízes nos nós. Os ramos do jambu são 
decumbentes, carnosos e cilíndricos. As folhas são simples, opostas, achatadas, e apresentam 
de 3 a 6 cm de comprimento (Figura 1). As flores são pequenas e amarelas e são consideradas 
de autopolinização. O fruto é seco e pequeno contento de 2 a 2,5 mm de comprimento 
(Lorenzi & de Abreu Matos, 2002; Favoreto & Gilbert, 2010; Kinupp & Lorenzi, 2014).
2.2. CULTIVO E COMERCIALIZAÇÃO
Para o cultivo do jambu é necessário clima quente e úmido, com umidade relativa 
de 80% e temperatura média de 25°C, sendo que temperaturas abaixo de 20 °C prejudicam o 
seu crescimento. O jambu apresenta alta exigência hídrica, deste modo, em períodos mais 
secos a irrigação deve ser realizada, enquanto que em períodos chuvosos a irrigação não é
necessária ou pode ser menos frequente (Cardoso & Garcia, 1997; Poltroniere et al., 2000; 
Homma et al., 2011).
A propagação do jambu é realizada com o método vegetativo, por estaquia de 
pedaços de ramos no local definitivo do cultivo, ou mais usualmente com a utilização de 
sementes (Kinupp & Lorenzi, 2014). O ciclo dessa planta é de 75 a 90 dias nas regiões 
tropicais enquanto que em regiões quentes e úmidas seu ciclo é de 45 a 70 dias. Apesar da 
possibilidade de se cultivar o jambu durante todo o ano na região norte do Brasil, esse 
apresenta uma folhagem de maior qualidade quando semeado no final do período chuvoso 
(entre abril e dezembro), pois as chuvas intensas prejudicam o desempenho das plantas 
(Brasil, 2010b; Borges et al., 2013).
A colheita das plantas inteiras é realizada quando essa atinge em torno de 20 a 40
cm. Cada maço geralmente apresenta em torno de 300 a 500 g de ramos e pode conter flores 
(Brasil, 2010b; Homma et al., 2011). Segundo Homma et al. (2011) o jambu é vendido 
durante o ano inteiro em feiras e em supermercados nas cidades do Pará. O preço varia com a 
época do ano, sendo maior próximo a festividade como Semana Santa, Festa Junina, Círio de 
Nazaré, Natal e Ano Novo, devido sua utilização como ingrediente no preparo culinário de 
pratos típicos.
2.3. COMPOSIÇÃO NUTRICIONAL
De acordo com os dados relatados em IBGE (1981), 100g de jambu apresentam
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32 kcal; 89 g de água; 1,9 g de proteínas; 0,3 g de lipídeos; 7,2 g de carboidratos; 1,3 g de 
fibras e 1,6 g de cinzas. Entre os micronutrientes apresenta vitamina B1 (0,03 mg/100g), 
vitamina B2 (0,21 mg/100g), niacina (1 mg/100g) e vitamina C (20 mg/100g), fósforo (41 
mg/100g), cálcio (162 mg/100g), e ferro (4 mg/100g). Segundo Leng et al. (2011), o jambu 
apresenta em sua composição os ácidos graxos palmítico e mirístico. Até o presente momento 
não foram encontrados na literatura dados do perfil completo de ácidos graxos, aminoácidos e 
minerais. Deste modo, são necessários mais estudos para a caracterização do jambu.
Apesar do jambu ser consumido principalmente cozido, não foram encontrados 
estudos avaliando a influência do tratamento térmico utilizado no seu processamento. Durante 
o aquecimento ocorrem transformações na estrutura vegetal, como o amolecimento da matriz 
vegetal e aumento da permeabilidade da parede celular. Também podem ocorrer quebras nas
ligações entre alguns compostos e proteínas, carboidratos e celulose. O aquecimento também 
pode ser responsável por reações bioquímicas complexas. Deste modo, durante o 
processamento térmico pode haver a liberação e o aumento de biodisponibilidade de alguns 
compostos e perda de outros. Sendo assim, os vegetais estão susceptíveis a variação na sua 
composição química, na sua qualidade vegetal e em suas atividades biológicas durante o 
cozimento (Chang et al., 2006; Olsen et al., 2012; Giallourou et al., 2016; Yeo & Shahidi, 
2017). Portanto, são necessárias pesquisas para avaliar a influência do aquecimento nas 
características químicas do jambu.
2.4. UTILIZAÇÃO E APLICAÇÕES
O jambu é utilizado tradicionalmente na culinária do norte do Brasil em pratos 
como tacacá e pato no tucupi. No entanto, também é utilizado em sopas, cozidos, panquecas, 
patês verdes e saladas, sendo nessa última utilizados na forma crua. O jambu também pode ser 
utilizado em bebidas como licores, cachaças e sucos (ex.: abacaxi com jambu) (Cardoso & 
Garcia, 1997; Kinupp & Lorenzi, 2014).
Além do uso culinário, o jambu também é utilizado na medicina popular, para o 
tratamento de doenças na boca, na garganta, e nos dentes, reumatismo, anemia, gripe, 
disenteria, malária, tuberculose, escorbuto, entre outros (Lorenzi & de Abreu Matos, 2002; 
Borges et al., 2013). O jambu apresenta potencial para diversas outras aplicações, visto que, 
de acordo com a literatura, apresenta ação antioxidante (Wongsawatkul et al., 2008; 
Prachayasittikul et al., 2009; Abeysiri et al., 2013; Singh et al., 2013); antimicrobiana 
(Prachayasittikul et al., 2009); anti-inflamatório (Wu et al., 2008; Barman et al., 2009); 
antimalárica (Samy & Kadarkari, 2011); anti-helmínticas (Singh et al., 2013); anti-obesidade 
25
(Ekanem et al., 2007); além de possuir efeito vasorelaxante (Wongsawatkul et al., 2008), 
diurético (Ratnasooriya et al., 2004), anestésico (Barman et al., 2009), analgésico (Nomura et 
al., 2013), e gastro protetor (Nascimento et al., 2013). Outra função documentada na literatura 
é de larvicida (Pandey et al., 2007).
3. COMPOSTOS BIOATIVOS
Os compostos capazes de provocar efeitos biológicos no organismo humano são 
denominados de compostos bioativos. Em plantas geralmente são metabólitos secundários, os 
quais não são necessários para sua nutrição (via metabólica primária). No entanto,
desempenham um papel fundamental na sua reprodução, competição e proteção contra fatores 
ambientais e ataques de patógenos e predadores (Bernhoft, 2008; Kennedy & Wightman, 
2011). 
Os compostos bioativos podem ser classificados em tóxicos e nutracêuticos. Os 
tóxicos são compostos que causam malefícios a saúde, enquanto que os compostos 
nutracêuticos são substâncias, essenciais ou não, as quais promovem benefícios à saúde 
humana além da nutrição (Ho et al., 2008; Biesalski et al., 2009). Entre os benefícios 
relatados na literatura estão a prevenção de doenças cardiovasculares, neuro-degenerativas, e 
cânceres, devido suas propriedades antioxidantes, antiproliferativa, anti-inflamatória, anti-
mutagênica, antimicrobiana, entre outras (Dai & Mumper, 2010; Nile & Park, 2014; Gerardi 
et al., 2016). 
Entre os compostos bioativos estudados em alimentos encontram-se os compostos 
fenólicos (ácidos fenólicos, flavonoides, antocianinas e taninos, etc), os fitosteróis, o 
espilantol, e os terpenos (carotenóides, saponinas, etc) (Kennedy & Wightman, 2011; Dubey 
et al., 2013; Gerardi et al., 2016).
3.1. COMPOSTOS FENÓLICOS
Os compostos fenólicos possuem um ou mais grupos hidroxila ligados 
diretamente a um anel aromático, podendo apresentar estrutura simples de baixo peso 
molecular, como os ácidos fenólicos, assim como estruturas complexas, como os taninos. Os 
compostos fenólicos podem ser classificados em não-flavonoides e flavonoides (Bravo, 1998; 
Vermerris & Nicholson, 2007; Crozier et al., 2009).
Esses compostos são encontrados em todas as plantas, sendo formados através do 
seu metabolismo secundário, principalmente pelas vias shiquimato e fenilpropanóide. Suas 
principais ações são na reprodução, crescimento e proteção das plantas contra patógenos, 
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predadores e luz UV. Entretanto, também podem proporcionar cor e características 
organolépticas de frutas e vegetais (Bravo, 1998; Balasundram et al., 2006; Vermerris & 
Nicholson, 2007; Kennedy & Wightman, 2011). 
De acordo com Navarro-González et al. (2015) a inflorescência do jambu 
apresenta teor de compostos fenólicos totais de 6,64±0,45 mg GAE/g (base úmida) e os 
seguintes compostos fenólicos glicosilados: quercetina, cianidina, delfinidina, ácido 
cafeoilquínico, e ácido dicafeoilquínico. Segundo Borges et al. (2015) o teor de compostos 
fenólicos totais e o teor de flavonoides encontrados nas folhas de jambu foram 5,88 mg/g
(base seca) e 9 mg/100g (base úmida), respectivamente. Abeysiri et al. (2013) obtiveram 
teores de compostos fenólicos totais de 7,56±1,26 mg GAE/g e 5,34±0,75 mg GAE/g em base 
seca para folhas e flores de jambu, respectivamente. 
3.2. FITOSTERÓIS
Os esteróis são compostos derivados de isoprenoides. Os fitosteróis (esterol em 
plantas) são compostos equivalentes ao colesterol em animais, sendo o β-sitosterol, 
stigmasterol e campesterol os principais fitosteróis encontrados nas plantas. Esses compostos
são essenciais na formação da membrana biológica, no entanto, também são importantes no 
metabolismo das plantas. A razão entre o β-sitosterol e campesterol influencia na 
permeabilidade celular da água e íons e na atividade da proteína ligada à membrana. Os 
fitosteróis também são importantes para o crescimento das plantas, visto que o β-sitosterol e 
stigmasterol influenciam na diferenciação e proliferação celular, enquanto o campesterol é um 
dos precursores do hormônio do crescimento (Awad & Fink, 2000; Valitova et al., 2016). Até 
o presente momento não foram encontrados dados na literatura referentes à composição de 
fitosteróis presente no jambu.
Após a ingestão, os fitosteróis praticamente não são absorvidos. Porém, são 
capazes de reduzir a absorção do colesterol total e do LDL-colesterol, deste modo, 
possivelmente reduz os riscos de doenças cardíacas (McClements & Decker, 2008; Demonty 
et al., 2009; Lambert et al., 2017). Os fitosteróis também podem prevenir o desenvolvimento 
de câncer de colón e hiperplasia prostática benigna (Awad & Fink, 2000). 
4. AÇÃO ANTIOXIDANTE
Como os compostos antioxidantes podem apresentar diferentes respostas a 
diferentes radicais, diversos métodos in vitro têm sido utilizados para a determinação da 
capacidade antioxidante em frutas e vegetais. Entre os métodos mais utilizados estão ABTS
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(2’2-azino-bis(3-etilbenzotriasolina-6-ácido sulfônico)), FRAP (poder de redução do ferro), 
ORAC (Capacidade de absorção de radical oxigênio) e DPPH. (1,1- difenil-2-picrilidrazil). 
Esses métodos são baseados no poder de redução do ferro (FRAP) e na captura de radicais 
livres como no ensaio ORAC, no ensaio de ABTS e no ensaio DPPH (Huang et al., 2005; 
Paixão et al., 2007; Tan & Lim, 2015; Zang et al., 2017).
A maioria das metodologias tradicionais utiliza radicais livres que não estão 
presentes nas condições fisiológicas. Metodologias mais recentes vêm sendo desenvolvidas 
para a avaliação da capacidade antioxidantes com a utilização de espécies reativas de oxigênio
- ROS (H2O2, HOCl, O
•-
2, entre outros) e de nitrogênio - RNS (ONOO
-, ON•, entre outros) 
presentes no corpo humano. Com essas espécies obtêm-se métodos mais sensíveis e que 
apresentem resultados que se assemelhem mais com o comportamento antioxidante no 
organismo. Alguns dos métodos desenvolvidos são o ensaio de captação do radical peróxido 
de hidrogênio (H2O2), ensaio de captação do ácido hipocloroso (HOCl), ensaio de captação do 
ânion superóxido (O•-2), entre outros (Chiste et al., 2011; Berto et al., 2015a).
Espécies reativas são moléculas que possuem um ou mais elétrons 
desemparelhados no orbital externo, sendo assim, são altamente reativos. Para se 
estabilizarem, recebem um elétron ou doam seu elétron não emparelhado para outra molécula, 
que se torna um radical livre (Bergamini et al., 2004; Afonso et al., 2007; Valko et al., 2007). 
Esses ROS (ex: OH •, ROO•, RO•, H2O2, HOCl, O
•-
2, entre outros) e RNS (ex: ONOO
-, ON•) 
podem ser gerados por fontes externas, como fumaça de cigarro, luz ultravioleta, ar poluído, 
entre outros. No entanto, também podem ser formados durante o metabolismo normal das 
células (Uttara et al., 2009; Yehye et al., 2015). 
As espécies reativas, em pequenas quantidades, são responsáveis por influenciar a 
expressão genética, a transmissão de sinais celulares, a proteção celular contra agentes 
infecciosos, a regulação das funções celulares, e apoptose (Afonso et al., 2007; Valko et al., 
2007). A produção excessiva de ROS e RNS causa estresse oxidativo, o qual pode provocar 
danos a proteínas, lipídeos, DNA e outras moléculas. Esses danos podem levar ao 
envelhecimento e doenças crônicas como câncer, doenças cardiovasculares, diabetes, 
obesidade, doenças nas articulações, Alzheimer, entre outros (Afonso et al., 2007; Uttara et 
al., 2009; Zang et al., 2017).
O equilíbrio entre a produção e a eliminação de espécies reativas é essencial para 
o adequado funcionamento do organismo. A eliminação desses compostos é realizada por 
meio de substâncias antioxidantes. Esses compostos se tornam estáveis após a reação de 
transferência de átomo de hidrogênio ou de um elétron para as ROS e RNS (Prior et al., 2005; 
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Afonso et al., 2007). Mesmo em pequenas quantidades, os antioxidantes são capazes de inibir 
ou retardar a formação de novas espécies reativas pela interrupção da propagação de radicais 
livres. Essa interrupção pode ocorrer por diferentes mecanismos, como o sequestro de 
espécies que iniciam a peroxidação, quelação de metais como o Fe2+, desativação de O•-2, 
reduzindo O2, entre outros. Deste modo, protegem as células de danos causados pelo excesso 
desses compostos (Afonso et al., 2007; Yehye et al., 2015; Chan et al., 2016; Zang et al., 
2017).
Segundo Navarro-González et al. (2015), a inflorescência do jambu apresentou
capacidade antioxidante de 10,82 ±0,53 µmol TE/g (base úmida) pelo método de ORAC e 
5,52 ±0,13 µM TE/g (base úmida) pelo método de DPPH. De acordo com Borges et al. 
(2015), a folha do jambu apresentou uma capacidade antioxidante pelo método de DPPH de 
0,20 µmol Trolox /g (base úmida). Sana et al. (2014) observaram, através da utilização do 
método de DPPH, uma atividade antiradical de 83,3% com a utilização de 250 µg/mL de 
extrato metanólico de raízes secas de jambu. Com a utilização de 250 µg/mL de extrato 
aquoso de folhas de jambu secas, Tania et al. (2015) obtiveram uma inibição de 42,6±0,89%
de atividade antiradical. Wongsawatkul et al. (2008) avaliaram a capacidade antioxidante, 
pelo método de DPPH, de extratos de jambu seco obtidos com diferentes solvente (hexano, 
etil acetato, clorofórmio, e metanol), sendo que o extrato que apresentou maior capacidade 
antioxidante foi o metanólico (200 µg/mL de extrato inibiu 47,76% de atividade de sequestro 
do radical). Segundo Abeysiri et al. (2013), o extrato etanólico de folhas e flores de jambu 
seco apresenta capacidade antioxidante, pelo método de FRAP, de 5,29±0,85 mg TE/g e 
3,42±0,59 mg TE/g, respectivamente. Não foram encontrados na literatura a capacidade 
antioxidante do jambu com a utilização de outras metodologias para a análise da capacidade 




Compostos antimicrobianos são substâncias capazes de inibir o crescimento de 
micro-organismo (bacteriostático/fungistático) ou provocar sua morte (bactericidas/fungicida)
(Saez-Llorens et al., 2000). Devido à resistência de micro-organismos aos medicamentos 
existentes comercialmente e a tendência de diminuir sua utilização, torna-se necessário o 
estudo da capacidade antimicrobiana de novos compostos (Saez-Llorens et al., 2000; Balouiri 
et al., 2016). Na literatura a atividade antimicrobiana é testada principalmente contra os 
seguintes micro-organismos: gram negativos Escherichia coli, Pseudomonas aeruginos, e 
Klebsiella pneumoniae; gram positivos Staphylococcus aureus e Bacillus subtilis; e levedura 
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Candida albicans (Watkins et al., 2012; Hegazy et al., 2014; Arsenijević et al., 2016; Salami 
et al., 2016; Navarro et al., 2017).
Diversas plantas superiores e aromáticas apresentam ação antimicrobiana 
comprovada, a qual está associada à presença de óleos essenciais e compostos bioativos como 
os compostos fenólicos (Duarte et al., 2004; Balouiri et al., 2016). No entanto, os dados 
presentes na literatura apresentam grandes variações, visto que a atividade antimicrobiana 
depende do teor de compostos bioativos presentes na amostra, do solvente e do método de 
extração empregados, assim como do método analítico aplicado (Balouiri et al., 2016; 
Kazibwe et al., 2017; Navarro et al., 2017). Todavia, diversos produtos derivados de plantas 
vêm sendo utilizados por serem uma alternativa mais barata para os remédios alopáticos e por 
provocarem menos efeitos colaterais. Além de novos medicamentos, esses compostos também 
podem ser utilizados como novos aditivos alimentares capazes de combater agentes 
patogênicos (Siddiqui et al., 2016).
De acordo com Jahan et al. (2013), aproximadamente 13 µg/mL de um extrato 
etanólico 95% de folhas de jambu apresentou atividade antimicrobiana frente aos micro-
organismos: Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus pyogenes, 
Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis; e não apresentou atividade para 
os micro-organismos Enterococcus faecalis, Pseudomonas aeruginosa, Salmonella typhi, 
Shigella dysenteriae type 1, Vibrio cholerae. No entanto, Holetz et al. (2002) não encontrou 
atividade antimicrobiana para os micro-organismos Escherichia coli ATCC 25922, 
Pseudomonas aeruginosa ATCC 15442, Bacillus subtilis ATCC 6623, Staphylococcus aureus
ATCC 25923, Candida albicans, C. krusei, C. parapsilosis, e C. tropicalis em 1000 µg/mL de 
extratos etanolico 90%. Os extratos de jambu em metanol e em água não apresentaram 
atividade antimicrobiana para Staphylococcus aureus, Streptococcus mutans e Salmonella 
typhi (Voravuthikunchai et al., 2005).
6. HIDROCARBONETOS POLICÍCLICOS AROMÁTICOS (HPAs)
Os hidrocarbonetos policíclicos aromáticos (HPAs) são contaminantes ambientais 
orgânicos. Esses compostos são gerados através de processos geológicos e por combustão 
incompleta de matéria orgânica como carvão, cigarro, madeira, óleo, biomassa e combustíveis 
fósseis como gasolina e diesel. Os HPAs são constituídos de carbonos e hidrogênios 
formando 2 ou mais anéis aromáticos condensados. São classificados como sendo de baixo 
peso molecular (2-3 anéis) e de alto peso molecular (4-6 anéis). A estabilidade e a toxicidade 
desses compostos aumentam com o número de anéis aromáticos ligados (EFSA, 2008; 
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Purcaro et al., 2013).
Na 64° Reunião do Comité Misto FAO / OMS de Peritos em Aditivos 
Alimentares (JECFA) os HPAs benzo(a)antraceno, crisene, benzo(b)fluoranteno, 
benzo(k)fluoranteno, benzo(j)fluoranteno, benzo(a)pireno, dibenzo(a,h)antraceno, 
dibenzo(a,e)pireno, dibenzo(a,h)pireno, dibenzo(a,i)pireno, dibenzo(a,l)pireno, indeno(1,2,3-
cd)pireno e 5-metilcriseno foram considerados genotóxicos e carcinogênico (FAO/WHO, 
2005). Os HPAs em si não são tóxicos. No entanto, durante seu metabolismo são adicionados 
grupos polares a sua molécula para facilitar sua excreção. Os compostos intermediários 
formados são altamente reativos e interagem covalentemente com moléculas de DNA, podem 
gerar mutações, câncer, toxicidade no fígado, genotoxicidade, imunotoxicidade, problemas 
hematológicos e na reprodução (SCF, 2002; IARC, 2010; Purcaro et al., 2013). 
As principais vias de contaminação de seres humanos com HPAs são a inalação, o 
contanto com a pele e a ingestão de cereais, óleo e vegetais (SCF, 2002). A contaminação das 
plantas com HPAs pode ocorrer de duas formas, através da deposição dos HPAs na superfície 
dos vegetais ou através a absorção desses contaminantes pela cera das plantas (SCF, 2002; 
Henry, 2005; EFSA, 2008; IARC, 2010). Os HPAs podem, em menor escala, serem 
absorvidos do solo contaminado pelas raízes (SCF, 2002; Henry, 2005; Chen et al., 2015; 
Wieczorek et al., 2015). A exposição das plantas aos HPAs pode não apenas representar um 
risco a saúde humana, mas também estar relacionada com danos biológicos e fisiológicos as 
plantas. Vegetais contaminados com HPAs podem apresentar lesões nas folhas, diminuição da 
biomassa e da eficiência da fotossíntese, além de provocar o aumento das espécies reativas de 
oxigênio (ROS) e diminuição dos compostos fenólicos totais e ácido ascórbico. Sendo assim, 
a contaminação com HPAs pode reduzir a qualidade dos vegetais (SCF, 2002; Lukaski, 
2004).
Apesar dos vegetais serem uma fonte de contaminação de humanos com HPAs, 
não existe nenhuma legislação regulamentando os teores máximos desses compostos neste 
tipo de alimento (Combs, 2012; Ramírez-Moreno et al., 2013; Petropoulos et al., 2017). 
Segundo a Comissão Europeia (EC, 2002) é necessária a obtenção de informação a respeito 
do perfil e da concentração dos HPAs em plantas comestíveis, para que seja possível o 
estabelecimento dos níveis máximos permitidos (Combs, 2012; Ramírez-Moreno et al., 2013). 
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ABSTRACT
Jambu (Acmella oleracea (L.) R.K. Jansen) is a neglected plant native to the 
Amazon Biome. Although it is very consumed in the north of Brazil, little is known about its 
chemical and nutritional composition. Thus, this study aimed to characterize jambu and to 
evaluate the effects of the hidrothermal process on the chemical composition. The proximate 
composition, minerals, total amino acids, vitamin C, fatty acids levels, and phytosterols were 
determined. A significant reduction was observed in carbohydrates, total dietary fibers, 
minerals, vitamin C, unsaturated fatty acids, and some amino acids levels after the 
hidrothermal, with an increase in ash content, protein, and saturated fatty acids in the 
hidrothermal process jambu. Lipids, phytosterols, and some amino acids levels were not 
significantly affected by the hydrothermal process. Thus, jambu may be a good alternative to 
increase the variety of vegetables in the human diet, even with nutrients losses during 
hidrothermal process.
Keywords: Spilanthes oleracea, composition, neglected vegetable, cooking process, PCA, 
heat.
1. INTRODUCTION
Fruits and vegetables are important components of a healthy diet, and essential to 
prevent cardiovascular diseases, diabetes, obesity and micronutrient deficiency. Green leaves 
may provide a balanced diet since they contain essential components such as minerals, 
vitamins and dietary fibers (WHO, 2003). Nevertheless, only a small portion of edible plant 
species are the basis of the world agriculture and food security (IPGRI, 2002). In Brazil, the 
leafy vegetables most known and consumed include lettuce, rocket, watercress, kale, chicory, 
cabbage, and spinach, which are not native from this country (Kawashima & Valente Soares, 
2003). Several vegetables are restricted to some regions, thus they are not well known, and 
poorly consumed. Those plants are considered neglected plants and many of them contain 
higher contents of minerals, fiber, and protein when compared to the conventional plants. The 
neglected plants are native to the regions in which they are consumed, thus they are adapted to 
the edaphoclimatic conditions and have natural protection against the region plagues. Thus, 
they require fewer pesticides and less handling during cultivation (IPGRI, 2002). 
Acmella oleracea (L.) R.K. Jansen (bas. Spilanthes oleracea; sin. Spilanthes 
acmella var. oleracea), popularly named as jambu belongs to Asteraceae family and is native 
to the Amazon region. In the northern of Brazil, jambu is much consumed, mainly cooked, as 
an ingredient in typical dishes such as tacacá and duck in tucupi sauce. Besides the culinary 
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use, jambu is also used in folk medicine for the treatment of mouth, throat, and teeth diseases, 
rheumatism, anemia, influenza, among others. However, jambu is not well known in the rest 
of the world (Nascimento et al., 2013). 
The great majority of the studies on jambu has focused on the bioactive 
compound spilanthol, which presents several biological activities, such as anesthetic and anti-
inflammatory properties (Nomura et al., 2013). However, few studies have investigated the 
chemical composition and nutritional properties of jambu. To the best of our knowledge, no 
study has been carried out on the effect of the hydrothermal processing of jambu, which is the
most common preparation form. 
The lack of studies on neglected plants shows that the potential value of these 
species is little explored. Therefore, chemical studies on neglected plants are important to 
identify those with high nutritional value, inserting them as alternatives to conventional 
vegetables increasing the availability of species contributing to food security. The increased 
consumption of the neglected plants can preserve the cultural and genetic diversity, and 
increase the income of the rural population (IPGRI, 2002). Thus, the aim of this study was to 
characterize the raw and processed jambu, and to evaluate the effect of the boiling process on 
the jambu chemical properties.
2. MATERIALS AND METHODS
2.1. CHEMICALS AND REAGENTS
The chemicals and solvents were purchased from Synth (Diadema, Brazil). 
Chromatographic grade solvents were purchased from J.T. Baker (Phillipsburg, USA). HPLG 
grade formic acid and sodium nitrite were purchased from Merck (Darmstadt, Germany). L-
ascorbic acid was purchased from Mallinckrodt (Maryland Heights, USA). Analytical 
standards, pancreatin, nitric acid, phenyl isothiocyanate, boron trifluoride, dithiothreitol 
(DTT) and acid-washed Celite were purchased from Sigma-Aldrich, Inc. (St. Louis, USA). 4-
Dimethylaminobenzaldehyde (DAB) was purchased from Vetec (Xerém, Brazil). Water used 
in the experiment was purified in the Milli-Q system (Millipore, Darmstadt, Germany).
2.2. SAMPLES
Jambu samples were purchased in local markets of Belém, Pará, Brazil. For 
botanical identification, a jambu portion was deposited at the herbarium of "Embrapa 
Amazônia Oriental", Belém, Pará, Brazil (NID number: 21/2017). Jambu was collected and 
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selected by eliminating flowers, roots, and damaged leaves. Then, it was washed in running 
water and cooked in boiling water for 8 min (124 g jambu: 1 L water). The raw and processed 
jambu samples were freeze-dried (Terroni®, model LS3000), milled (Quimis, model Q-
298A21), and stored in vacuum sealed aluminum package at -18 °C until analysis.
2.3. PROXIMATE COMPOSITION
The proximate composition of raw and processed jambu was determined as 
follows: moisture, protein, ash, lipids, and total dietary fiber contents were determined 
according to AOAC 930.04, 940.26, 920.152, 948.22, and 991.43, respectively (AOAC, 
2012). Total carbohydrates content was calculated by subtracting the protein, lipids, ash, and 
moisture from 100. Energy value (EV) was calculated as follows: EV (Kcal/100 
g)=[4*([carbohydrates - total dietary fibers] + proteins)] + [9*(lipids)] (Petropoulos et al., 
2017).
2.4. MINERALS LEVELS
The contents of Ca, Mg, Fe, Zn, K, Cu, Mg, and Na of raw and processed jambu 
were determined as reported by Silva et al. (2017). For the mineralization, sample (0.5 g) and 
nitric acid (6 mL) was rested overnight at room temperature. Then, the tubes remained for 2 h 
at 100 °C in a digester block (Marconi, model 4025). After, nitric acid (2 mL) and hydrogen 
peroxide 30% (2 mL) was added, and the tubes were heated at 130 °C for 2 h. The 
solubilization of the samples was performed in an ultrasound bath (Unique, model 14000) for 
5 min. The digest was adjusted for 25 mL with ultrapure water (Sartorius, model Arium 
Comfort) and filtered through ash-free filter paper (Nalgon, 9 cm in diameter). The samples 
were diluted as necessary to suit the linear range for each mineral. Lanthanum (1%) was 
added to the samples for Ca and Mg determination.
A flame atomic absorption spectrometer (FAAS) (Perkin Elmer, USA, model 
AAnalyst-200) equipped with deuterium lamp for background radiation correction and hollow 
cathode lamp were used for the determination of Ca (422.67 nm), Mg (285.21 nm), Fe 
(248.33 nm), Zn (213.86 nm), K (766.49 nm), Cu (324.75 nm), Mn (279.48 nm), and Na 
(589.00 nm). Air-acetylene flame at a flow rate of 10 L/h of acetylene and 2.5 L/h of air was 
used. Quantification was carried out using external standard calibration curves with five 
points.
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2.5. TOTAL AMINO ACID PROFILE
The following total amino acids were determined according toWhite et al. (1986)
in raw and processed jambu: alanine (ALA), aspartic acid (ASP), glutamic acid (GLU), serine 
(SER), hydroxyproline (HYP), taurine (TAU), arginine (ARG), glycine (GLY), cysteine 
(CYS), proline (PRO), tyrosine (TYR), valine (VAL), threonine (TRE), methionine (MET), 
histidine (HIS), isoleucine (ILE), leucine (LEU), phenylalanine (PHE), and lysine (LYS). 
Briefly, the samples were subjected to acid digestion with hydrochloric acid under vacuum at 
110 °C for 24 h, and derivatization was carried out with phenyl isothiocyanate.
The derivatized amino acids were analyzed by high-performance liquid 
chromatography (HPLC) TSP (Thermo Separation Products), equipped with a quaternary 
pump (P 4000) and a UV-VIS detector (UV 2000- WATERS). For the separation of the 
derivatized amino acids, a Kinetex C18 column, 100 mm, 4.6 mm i.d. (OOD-461-EO –
Phenomenex, USA) was used. The mobile phase was pumped at 1.5 mL/min and was 
composed of sodium acetate buffer in triethylamine (A) and an aqueous solution containing 
60% acetonitrile and 0.4 g/mL EDTA (B). The linear gradient elution was: 0-3.10 min from 
100% to 86% A; 3.10-6.12 min from 86% to 56% A; 6.12-6.5 min from 56% to 0% A (held 
for 2.61 min); 9.11-9.2 min from 100% A, and held for 5.8 min. The chromatograms were 
processed at 254 nm. Then, the derivatized amino acids were identified by comparing the 
retention time with the standards under the same chromatograph conditions. Quantification 
was carried out by internal standardization, using α-aminobutyric acid as an internal standard, 
and a seven-point calibration curve.
Tryptophan (TRP) was determined by a colorimetric analysis according to Spies 
(1967). Briefly, raw and processed jambu were digested with a pancreatin solution (pH 7.5) at 
40 °C for 24 h. Then, the extract was allowed to react with a DAB solution for 6 h at room 
temperature. The extracts were derivatized with a sodium nitrite solution (0.045%), and the 
absorbance was measured at 545 nm in a spectrophotometer (Becker Coulter, DU 640) after 
30 min. Quantification was carried out using a tryptophan calibration curve.
2.6. ASCORBIC ACID AND DEHYDROASCORBIC ACID
The determination of ascorbic acid (L-AA) and dehydroascorbic acid (DHAA) in 
raw and processed jambu was performed according to Cunha (2018). Briefly, sample (1 g) 
was extracted using high purity sulfuric acid 0.05M (15 mL). The tubes were stirred for 2 min 
and centrifuged (3000 rpm) for 10 min at 4 °C. The upper layer was re-extracted with high 
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purity sulfuric acid 0.05M (5 mL) and the volume was adjusted to 25 mL. To determine the 
dehydroascorbic acid (DHAA) content, 1 mL extract was reduced using 0.3 mL DTT 
(20mg/mL) and 0.7 mL TRIS buffer (pH 8.0). The mixture remained at rest in the dark for 
120 min at room temperature. Then, pH was adjusted to 2.06 using sulfuric acid (0.4 M), and 
the mixture was filtered through a polyvinylidene difluoride (PVDF) membrane (0.22 μm).
For determination of L-AA and DHAA, the extracts were injected into an ultra-
performance liquid chromatography (UPLC - Acquity Waters, Massachusetts, USA) equipped 
with a binary pump (model UPB, series K08UPB 444M), and a diode array detector (DAD -
model UPD, series G08UPD 124M). The compounds were separated in a Kinetex® C18 (100 
mm, 2.1 mm i.d., 1.7 µm, Phenomenex®) column using an isocratic mobile phase, at 0.25 
mL/min, composed of formic acid aqueous solution (0.1%). The chromatograms were 
processed at 245 nm and L-AA was identified by comparing the retention time and the UV-
Vis spectra with the standard. The DHAA content was determined indirectly as follows: 
DHAA=(L-AAbefore reduction)-(L-AAafter reduction). Quantification was carried out using an eight-
point calibration curve.
2.7. FATTY ACID PROFILE 
For the determination of fatty acid profile in raw and processed jambu, lipids were 
extracted according to Bligh & Dyer (1959) and esterified as reported by Joseph & Ackman 
(1992). Briefly, the extracted fat (25 mg), sodium hydroxide (0.5 M in methanol) and 5 mg of 
C23:0 (internal standard) were heated at 100 °C for 20 min. After, the extract was derivatized 
with boron trifluoride solution (12% in methanol) at 100 °C for 5 min, and saturated sodium 
chloride solution was added. Then, two consecutive partition steps were performed with 2 mL 
of hexane. Finally, the upper layers were dried under nitrogen flow, re-dissolved in hexane, 
and stored at -80 °C until analysis. 
The chromatographic conditions were based on Joseph & Ackman (1992). The 
separation of methyl esters was performed in a 7890A gas chromatograph (GC - Agilent, 
Germany) equipped with a flame ionization detector (FID). The methyl esters were separated 
using a DB 23 capillary column (60 m, 0.25 mm d.i., 0.25 µm film thickness, Agilent, USA). 
An aliquot of the extract (1 uL) was injected at a 1:50 split ratio. The injector and detector 
temperatures were maintained at 250 °C and 280 °C, respectively. The oven temperature ramp 
was 50 °C (1 min, hold time), increasing to 175 °C at a 25 °C/min, finally to 230 °C at 4 
°C/min and held for 25 min. The flow rate of the carrier gas (He), make-up gas (N2), flame 
gases H2 and synthetic air were 1 mL/min, 30 mL/min, 30 mL/min, and 300 mL/min, 
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respectively. The methyl esters were identified by comparing their retention times with those 
obtained with standards (FAME mix C4-C24) under the same chromatographic conditions. 
Quantification was carried out by internal standardization, using C23:0 as an internal 
standard. The FAME mix C4-C24 was injected ten times. 
The correction factors (FEC) and the fatty acid concentration (mg/g lipids) were 
calculated according to the Equations 1, 2, and 3 (Joseph & Ackman, 1992), where:
     
      
       Eq. 1
    
           
             Eq. 2
      
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q. 3
Ap is the internal standard area, Wp is the internal standard weight, Wx fatty acid 
methyl esters weight, Ax is fatty acid methyl esters area. FA is the fatty acid concentration in 
mg/g lipids, Ax is fatty acid methyl esters area, Wp is internal standard weight, FEC is the 
experimental correction factors, Ap is internal standard area, Wx fatty acid methyl esters
weight, and FCAE is the correction factor for the conversion of fatty acid methyl esters into 
fatty acids.
2.8. PHYTOSTEROL LEVELS
The content of brassicasterol, campesterol, stigmasterol, β-sitosterol, and 
stigmastanol in raw and processed jambu were determined according to Määttä et al. (1999). 
First, the lipids were extracted according to Bligh & Dyer (1959). Then, lipids were dissolved 
in 3% KOH (10mL) in methanol and rested for 3 h at 50 °C. Next, deionized water (10mL) 
was added, and three consecutive partitions were performed with hexane (10 mL). The upper 
layer was dried at 40 °C in a rotary evaporator and re-dissolved in isopropanol. Finally, 1 µL 
of the extract was injected into the GC-FID at a 1:50 split ratio.
Phytosterols were separated in a HP-5 capillary column with 5% phenyl-
methylpolysiloxane (30 m, 0.25 mm d.i., 0.25 µm film thickness, Agilent, USA). The column 
temperature was 150 °C for 0.1 min, increasing to 300 °C at 20 °C/min and held for 23 min. 
The injector and detector temperatures were 250 °C and 300 °C, respectively. The flow rate of 
the carrier gas (He), make-up gas (N2), flame gases H2 and synthetic air were 1 mL/min, 30 
mL/min, 30 mL/min, and 300 mL/min, respectively. The compounds were identified by 
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comparing the retention time with the standard at the same chromatographic conditions. 
Quantification was carried out using a seven-point calibration curve.
2.9. STATISTICAL ANALYSES
All analyses were carried out in triplicate. Statistical analyses were performed 
using the software Statistica 7.0 (StatSoft, USA), with a paired T-test at 95% of confidence 
level since the objective was to investigate the significant differences between the sample 
before and after processing. Principal component analysis (PCA), using the software Pirouette 
3.11 (InfoMetrix, USA), with cross-validation (leave-one-out), was applied to verify the 
chemical components with a higher contribution in the discrimination of the samples. The 
variables were autoscaled to allow an equal influence in the model.
3. RESULTS AND DISCUSSION
3.1 PROXIMATE COMPOSITION
The moisture content of raw jambu of this study (Table 1) was in agreement with 
the results published by IBGE (1981). Lower energy value, lipids, ash, and carbohydrates 
contents were observed, while the protein and total dietary fiber levels were higher when 
compared to data published in 1981. In contrast, higher lipids and carbohydrates levels were 
observed when compared to those reported by Seal et al. (2013) for jambu cultivated in India, 
with similar moisture, ash, and protein levels. These differences may be due to the 
edaphoclimatic conditions and agronomic practice in which the plants may have been 
cultivated (Kawashima & Valente Soares, 2003).
The Brazilian Food Composition Table (NEPA, 2011) is recommended by Food 
and Agriculture Organization of the United Nations (FAO). According to this table, the 
protein content of raw jambu found in this study (Table 1) is higher when compared to some 
conventional plants such as cabbage, red leaf lettuce, crispy lettuces, chard, butterhead lettuce, 
rocket, red cabbage, and spinach. In contrast, lower protein contents were found when 
compared to watercress and kale, and some neglected food plants such as alfavaca, taioba,
and ora-pro-nobis (Takeiti et al., 2009; NEPA, 2011).
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Table 1. Proximate and mineral composition on a dry and wet basis (%) of raw and processed 
jambu (mean ± standard deviation).
Jambu P-value
Raw Processed
Dry basis Wet basis Dry basis Wet basis
Energetic value 
(kcal/100g)
113.36±1.92 11.18±0.42 149.74±2.89 8.68±0.70 0.007*
Moisture (%) 89.87±0.44 94.16±0.18 0.006
*
Lipids (%) 1.54±0.08 0.16±0.01 1.94±0.22 0.11±0.02 0.193
Protein (%) 24.10±0.99 2.44±0.12 32.77±1.99 1.91±0.14 0.000
*
Ashes (%) 10.92±0.10 1.11±0.01 17.55±0.12 1.03±0.01 0.013
*
Carbohydrates (%) 63.38±1.20 6.50±0.62 47.88±2.58 2.79±0.05 0.000
*
Total fiber (%) 62.61±0.45 6.35±0.06 47.23±0.79 2.76±0.05 0.004
*
Minerals (mg/100g)
Ca 2551.56±73.62 260.00±7.50 2627.13±17.03 153.42±0.99 0.268
Mg 734.63±4.65 74.86±0.47 474.92±12.02 27.74±0.70 0.000
*
Fe 19.05±0.38 1.94±0.04 9.60±0.35 0.56±0.02 0.001
*
Zn 9.30±0.16 0.95±0.02 8.16±0.06 0.48±0.00 0.008
*
K 5833.52±392.71 594.44±40.02 4857.52±56.41 283.68±3.29 0.053
Cu 2.09±0.04 0.21±0.00 2.12±0.03 0.12±0.00 0.498
Mn 10.42±0.50 1.06±0.05 4.10±0.10 0.24±0.01 0.003
*
Na 15.94±1.45 1.62±0.15 32.12±4.76 1.88±0.28 0.020
*
*significant difference (P< 0.05) between the sample (dry basis) in the same line. 
Although the lipid contents of jambu (Table 1) was similar to the content of 
conventional vegetables, it was lower than those found in neglected plants such as ora-pro-
nobis, alfavaca, and taioba. In addition, raw jambu showed a lower energy value when 
compared with other leaf vegetables (Table 1) (Takeiti et al., 2009; NEPA, 2011). Higher ash 
contents were observed in raw jambu (Table 1) when compared to cabbage, red cabbage, and 
lettuce, which was similar to kale, spinach, and rocket, and lower in neglected food plants 
such as alfavaca, taioba, and ora-pro-nobis (NEPA, 2011). 
The main carbohydrate in jambu was total fiber since similar levels were observed 
for both components (Table 1). Higher total fiber levels were observed in jambu when 
compared to lettuce, watercress, spinach, kale, spinach alfavaca, taioba, and ora-pro-nobis
(Takeiti et al., 2009; NEPA, 2011). Spinach and ora-pro-nobis are considered vegetables with 
high dietary fiber content, and jambu can also be considered as rich in this compound.
The cooking process led to a significant reduction (p<0.05) of carbohydrates and 
total fiber (Table 1) of jambu, probably due to leaching losses. However, the content of these 
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components was comparable to the ones found in raw watercress and raw spinach (NEPA, 
2011). During cooking, there was also a significant increase (p<0.05) in moisture, protein, and 
ash contents (Table 1). The increase in moisture was probably due to water absorption, while 
the higher protein and ash contents were due to carbohydrate loss during the processing, 
leading to the concentration of these components. After the cooking process, the proximate 
composition of jambu was similar to other green leaves (NEPA, 2011). Therefore, cooked 
jambu can also be an alternative to conventional vegetables.
3.2 MINERALS LEVELS
Among the minerals evaluated in the present study, calcium (Ca) and potassium 
(K) were the most abundant minerals found in jambu, while the smaller content was observed 
for copper (Cu) (Table 1). Calcium is essential to bones rigidity, and plays an important role 
in neuromuscular functions and hormonal regulations (Damodaran et al., 2008). A vegetable 
containing high Ca content may be an alternative to people with no access to milk and dairy 
products (Salazar et al., 2006). Potassium is essential for total body fluid volume, acid and 
electrolyte balance, normal cell function, hormones regulation, and is associated with the 
reduction of blood pressure (Murray et al., 2003). Jambu is only a modest zinc source since it 
contains lower levels than 10 mg/kg (WHO/FAO, 2004). Zinc (Zn) is an essential cofactor for 
the catabolism and is also important for genetic expression, immune system, and hormonal 
regulation (Damodaran et al., 2008).
Concerning the mineral levels of jambu of the present study, higher K, Ca and Mg 
levels, and lower Na, Fe, and Zn levels were observed, when compared with jambu harvested 
in India, with similar levels of the elements Mn and Cu (Seal et al., 2013). Kawashima & 
Valente Soares (2003) reported that this variation in minerals content is probably due to the 
different climate, soil and agronomic practices. Those authors investigated butter lettuce, 
ruccola, watercress, cabbage, and spinach, and found lower K, Ca, Mg, Fe, Mn, Cu, and Zn 
levels when compared to the present results. Lower magnesium (Mg) level was observed in 
raw jambu (Table 1) when compared to spinach. However, it was higher than that found in 
other green vegetables such as kale, cabbage, and lettuce. The iron (Fe) level of raw jambu
(Table 1) was smaller than the level found in watercress and higher than the values found in 
lettuce, kale, and spinach (NEPA, 2011). Sodium (Na) is the only mineral with lower levels in 
jambu (Table 1) when compared to the conventional vegetables such as kale, cabbage and 
lettuce (NEPA, 2011). Raw and processed jambu contained higher Ca, Mg, K, and Fe and 
lower Na and Zn levels than those found by Sefa-Dedeh & Agyir-Sackey (2004) in taioba. 
50
However, Takeiti et al. (2009) showed higher Ca, Mg, Mn and Zn contents and lower K, Fe 
and Cu contents in ora-pro-nobis than the raw and processed jambu of this study. Jambu may
be an effective alternative to improve mineral intake, once it contained higher Ca, Zn, K, Mn, 
Cu, Mg and Fe contents when compared with common vegetables. 
Significant losses (p < 0.05) in Mn (60.65%), Fe (49.61%), Mg (35.35%), and Zn 
(12.25%) were observed after the cooking process (Table 1). According to Barciela‐Alonso & 
Bermejo‐Barrera (2015), boiling is the cooking process that causes the highest mineral loss, 
probably due to the mineral migration to the cooking water. On the other hand, a significant 
increase (p < 0.05) was observed in Na level (100 %). According to World Health 
Organization there is Na in the tap water (WHO, 2011), which may have migrated to jambu
during the cooking. The minerals and the percentage loss during thermal process depend on 
the vegetable, cultivar, and processing conditions (Barciela‐Alonso & Bermejo‐Barrera, 
2015). Even with a mineral loss after the cooking process, jambu still showed higher Ca, Mg, 
and Cu levels than the conventional vegetables, and comparable Fe, Zn, K and Mn contents 
with conventional green leaves (NEPA, 2011). Therefore, the consumption of processed 
jambu may be a good alternative for mineral intake when compared with the conventional 
vegetables, however, to prove this it is necessary the determination of the bioavailable.
3.3 TOTAL AMINO-ACID PROFILE
The total amino acids content (Table 2) was lower than the protein content in 
Table 1, probably due to the chlorophyll content found in jambu, which contributes to the 
total nitrogen determined through the Kjeldahl method used to estimate the total protein 
(Jackix et al., 2013). Almost all amino acids analyzed, except taurine, were detected in jambu, 
including all nine essential amino acids (Table 2) which constitute 40.41% of total amino 
acids. The predominant amino acids in jambu were aspartic acid and glutamic acid followed 
by arginine, and the essential amino acids leucine, valine, isoleucine, and lysine. According to 
Lisiewska et al. (2011) aspartic acid and glutamic acid are also the predominant amino acids 
in several vegetables. Glutamic acid and aspartic acid contribute to energy production, other 
amino acids formation, pyrimidine syntheses, transamination, and insulin regulation, besides 
acting as a neurotransmitter (Murray et al., 2003).
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Table 2. Amino acids content on a dry and wet basis (mg/g protein and mg/g sample) in raw 












Dry basis Wet basis Dry basis Wet basis
Non essentials amino acid (NEAA)
ALA 12.13±0.90 1.23±0.09 56.51±4.17 16.73±0.38 0.98±0.02 62.23± 1.43 0.073
ASP 32.01±0.33 3.26±0.03 149.13±1.53 31.78±0.69 1.86±0.04 118.23± 2.57 0.001*
GLU 28.26±0.40 2.88±0.04 131.69±1.88 35.06±0.42 2.05±0.02 130.46± 1.57 0.271
SER 9.44±0.17 0.96±0.02 43.96± 0.77 11.98±0.04 0.70±0.00 44.58± 0.17 0.217
HYP 1.36±0.07 0.14±0.01 6.33± 0.34 2.05±0.07 0.12±0.00 7.64± 0.26 0.041*
TAU n.d. n.d. n.d. n.d. n.d. n.d.
TotalNEAA 83.2 8.47 387.63 97.61 5.7 363.15
Conditionally Essentials amino acids (CEAA)
ARG 16.09±0.70 1.64±0.07 74.94±3.28 20.81±0.33 1.22±0.02 77.41± 1.22 0.185
GLY 10.28±0.09 1.05±0.01 47.88± 0.43 13.61±0.22 0.79±0.01 50.64± 0.82 0.007*
CYS 0.73±0.05 0.07±0.01 3.42± 0.25 0.60±0.01 0.04±0.00 2.24± 0.03 0.012*
PRO 9.70±0.91 0.99±0.09 45.194.25 13.37±0.35 0.78±0.02 49.76± 1.31 0.116
TYR 7.91±0.06 0.81±0.01 36.87± 0.27 11.26±0.38 0.66±0.02 41.90± 1.41 0.024*
TotalCEAA 44.7 4.55 208.29 56.66 3.48 221.96
Essentials amino acids (EAA)
VAL 14.55±0.26 1.48±0.03 67.78±1.21 18.01±0.24 1.05±0.01 67.00± 0.89 0.306 35
TRE 9.68±0.49 0.99±0.05 45.10± 2.29 12.23±0.26 0.71±0.02 45.52± 0.96 0.678 34
MET 1.25±0.16 0.13±0.02 5.81±0.76 1.99±0.05 0.12±0.00 7.39± 0.20 0.042*
HIS 3.64±0.07 0.37±0.01 16.94± 0.33 5.06±0.09 0.30±0.01 18.84± 0.33 0.036* 19
ILE 14.19±0.39 1.44±0.04 66.10± 1.82 18.23±0.40 1.06±0.02 67.83± 1.48 0.329 28
LEU 16.46±0.36 1.68±0.04 76.67± 1.69 21.73±0.31 1.27±0.02 80.84± 1.16 0.102 66
PHE 11.48±0.15 1.17±0.02 53.47± 0.69 14.04±0.21 0.83±0.01 52.350.77 0.268
TRP 1.29±0.22 0.13±0.02 6.03± 1.00 n.d. n.d. 0.009* 11
LYS 14.20±0.25 1.45±0.03 66.17± 1.16 20.22±0.43 1.18±0.03 75.23± 1.62 0.002* 58
TotalEAA 86.73 8.83 404.08 111.51 6.51 414.89
PHE+TYR 19.39 1.97 90.33 25.3 1.48 94.15 63
CYS+MET 1.98 0.2 9.23 2.59 0.15 9.63 25
Total AAa 214.63 21.85 1000 268.78 15.7 1000 320
n.d.: not detected; *significant difference (P< 0.05) between the sample, (mg/g protein) in the 
same line; aTOTAL AA: total amino acid; bmeal pattern requirement (mg/g protein) for 
infants aged 2-5 years, as suggested by FAO/WHO (1985). Alanine (ALA), aspartic acid 
(ASP), glutamic acid (GLU), serine (SER), hydroxyproline (HYP), taurine (TAU), arginine 
(ARG), glycine (GLY), cysteine (CYS), proline (PRO), tyrosine (TYR), valine (VAL), 
threonine (TRE), methionine (MET), histidine (HIS), isoleucine (ILE), leucine (LEU), 
phenylalanine (PHE), tryptophan (TRP) and lysine (LYS).
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Higher amino acids levels were observed in jambu when compared to purple 
lettuce (NEPA, 2011). Spinach presents an equivalent glutamic acid, arginine, threonine, and 
phenylalanine content to jambu. However, it presents lower contents of valine, and isoleucine. 
According to Jackix et al. (2013) taioba leaves exhibited similar contents of alanine, arginine, 
serine, cysteine, proline, methionine, histidine, lysine, and valine to jambu, which presented 
higher aspartic acid, glutamic acid, valine, and isoleucine levels. Jambu contained lower 
histidine, leucine, methionine, tyrosine, cysteine, glycine, alanine, and tryptophan levels when 
compared to ora-pro-nobis. However, the content of arginine, isoleucine, valine, aspartic acid 
and glutamic acid was higher in jambu than in ora-pro-nobis (Takeiti et al., 2009).
No significant differences were observed for alanine, glutamic acid, serine, 
arginine, proline, valine, threonine, isoleucine, leucine, and phenylalanine after the boiling 
process (Table 2). However, there was a significant decrease (p < 0.05) in the content of 
aspartic acid, cysteine, and tryptophan during cooking, due to the hydrothermal degradation, 
leaching, or interaction with other compounds in the plant matrix (Lisiewska et al., 2011). The 
content of hydroxyproline, glycine, tyrosine, methionine, histidine, and lysine significantly 
increased (p < 0.05) after the boiling process. Studies have shown that the decomposition of 
some amino acids may increase the content of others amino acids (Ziena et al., 1991). 
By dividing the amino acid content (mg/g protein) for the amino acid scoring 
pattern (mg/g protein) recommended by FAO/WHO (1985) it is obtained the amino acids 
scores (Table 3). Scores lower than 1 determine the limiting amino acids (FAO/WHO, 1985).
Raw and processed jambu contained all nine essential amino acids. However, the total sulfur 
amino acids (methionine and cysteine), tryptophan, and histidine were the limiting amino 
acids for children from 2 to 12 years, while total sulfur amino acids are the limiting amino 
acids for adults. Methionine and cysteine are also the limiting amino acids in spinach and kale 
(Lisiewska et al., 2008; Lisiewska et al., 2011). Therefore, to achieve the amino acid 
requirements in human nutrition, jambu needs to be combined with other protein sources.
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Raw Processed Raw Processed Raw Processed
VAL 1.94 1.91 2.71 2.68 5.21 5.15
TRE 1.33 1.34 1.61 1.63 5.01 5.06
HIS 0.89 0.99 0.89 0.99 1.06 1.18
ILE 2.36 2.42 2.36 2.42 5.08 5.22
LEU 1.16 1.22 1.74 1.84 4.04 4.25
TRP 0.55 - 0.67 - 1.21 -
LYS 1.14 1.3 1.5 1.71 4.14 4.7
PHE+TYR 1.43 1.49 4.11 4.28 4.75 4.96
CYS+MET 0.37 0.39 0.42 0.44 0.54 0.57
VAL –Valine; TRE – Threonine; HIS – Histidine; ILE – Isoleucine; LEU – Leucine; TRP –
Tryptophan; LYS– Lysine; PHE+TYR – Phenylalanine and Tyrosine; CYS+MET – Cysteine 
and Methionine
3.4 ASCORBIC ACID AND DEHYDROASCORBIC ACID
The L-AA and DHAA levels in jambu are shown in Table 4. Several properties 
are assigned to the compounds L-AA and DHAA, including antioxidant capacity, serving as a 
cofactor for enzymes, participating in electron transport reactions, besides presenting 100% 
and 80% of vitamin C activity, respectively (Combs, 2012). The raw jambu of this study 
presented 16 g/100g of vitamin C activity on a dry basis.
Table 4. Ascorbic acid (L-AA) and dehydroascorbic acid (DHAA) content on a dry and wet 
basis (mg/100g) in raw and processed jambu (mean ± standard deviation).
Jambu P-value
Raw Processed
Dry basis Wet basis Dry basis Wet basis
L-AA 10.16±0.14 1.22±0.01 0.43±0.04 0.02±0.00 0.000*
DHAA 8.27±0.64 0.84±0.06 5.81±0.43 0.34±0.03 0.046*
* significant difference (P< 0.05) between the sample (dry basis) in the same line.
Jambu exhibited lower ascorbic acid content than those reported by Borges et al. 
(2015) and IBGE (1981) for jambu leaves. The ascorbic acid content may vary depending on 
the climate, cultivation, harvesting, and analytical methods used (Damodaran et al., 2008).
Although the ascorbic acid content in Jambu was similar to spinach, it was lower when 
compared to common vegetables such as lettuce and cabbage (NEPA, 2011).
There was a loss of 95% L-AA and 40% DHAA after the cooking process, 
probably due to several factors including leaching, temperature, light, oxygen, presence of 
54
metals, and oxidases. L-AA may have been completely oxidized or partially converted to 
DHAA (Combs, 2012). Prabhu & Barrett (2009) and Delchier et al. (2012) also observed 
great L-AA and DHAA and vitamin C losses, respectively, in heat-treated spinach.
3.5 FATTY ACID PROFILE
Eighteen fatty acids were found in raw and processed jambu (Table 5). The fatty 
acid profile of raw jambu is composed of 74.49% polyunsaturated fatty acids (PUFA), 
24.95% of saturated fatty acids (SFA), and 0.56% of monounsaturated fatty acids (MUFA). 
The PUFA is associated with the reduction of the risk factor for coronary disease since it can 
decrease the LDL-cholesterol and slightly increase LHL-cholesterol. On the other hand, SFA 
may positively influence LDL-cholesterol, enhancing the risk of cardiovascular diseases
(Willett, 2012). The main fatty acids in jambu are PUFA, thus it can be stated that jambu is 
mainly composed of high-quality fatty acids.
Palmitic acid (C16) was the main SFA in jambu (Table 5), while linoleic acid 
(C18:2n6c), linolenic acid (C18:3n3), and oleic acid (C18:1n9c) were the most abundant 
among the PUFAs. The fatty acids C18:3n3 and C18:2n6c corresponded to 53% and 19% of 
the total fatty acids, respectively. These two fatty acids are considered essential because they
cannot be synthesized by humans and must be obtained from plants. In addition, they are 
precursors of long-chain fatty acids, and influence in the formation of cellular membranes and 
various hormones (Murray et al., 2003). Oleic acid presents an anti-inflammatory effect and 
may prevent cardiovascular and autoimmune diseases, metabolic disturbance, skin injury and 
cancer (Sales-Campos et al., 2013). Although palmitic acid is a SFA, studies have shown its 
structural and functional role in pregnancy and childhood, besides being essential for the 
transport and secretion of lipids (Agostoni et al., 2016). Thus, jambu contains an interesting 
lipid fraction from the nutritional point of view.
Jambu has lower fatty acid content when compared to kale, lettuce, salsa and 
taioba (NEPA, 2011). However, the fatty acid in those conventional vegetables was 
quantified using area percentage, thus it does not express the actual fatty acid content since 
the FID response can vary with carbon and hydrogen content rather than the compound 
concentration. To really quantify the fatty acid content, conversion factors may be used
(Joseph & Ackman, 1992).
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Table 5. Fatty acids contents on a dry and wet basis (µg/g sample and mg/g lipids) in raw and 
processed jambu (mean ± standard deviation).






Dry basis Wet basis Dry basis Wet basis
Saturated fatty acid (SFA)
C12:0 10.36±0.70 1.05±0.07 0.63±0.04 17.33±0.73 1.01±0.04 0.83±0.03 0.010*
C14:0 16.23±0.67 1.65±0.07 0.99±0.04 21.98±0.93 1.28±0.05 1.05±0.04 0.043*
C16:0 937.12±35.52 95.40±3.62 57.20±2.17 1255.18±58.60 73.30±3.42 60.00±2.80 0.094
C18:0 55.66±1.98 5.67±0.20 3.40±0.12 79.78±2.51 4.66±0.15 3.81±0.12 0.000*
C20:0 7.05±0.13 0.72±0.01 0.43±0.01 11.95±0.61 0.70±0.04 0.57±0.03 0.009*
C22:0 18.57±0.31 1.89±0.03 1.13±0.02 26.77±1.03 1.56±0.06 1.28±0.05 0.051
C24:0 32.17±0.46 3.28±0.05 1.96±0.03 43.91±1.69 2.56±0.10 2.10±0.08 0.048*
TotalSFA 1077.17 109.66 65.75 1456.9 85.08 69.65
Monounsaturated fatty acid (MUFA)
C14:1 n.d. n.d. n.d. n.d. n.d. n.d.
C16:1 19.55±0.90 1.99±0.09 1.19±0.06 22.85±1.04 1.33±0.06 1.09±0.05 0.017*
C20:2 2.13±0.15 0.22±0.02 0.13±0.01 1.9±0.143 0.11±0.01 0.09±0.01 0.048*
C22:2 2.08±0.08 0.21±0.01 0.13±0.01 2.19±0.17 0.13±0.01 0.10±0.01 0.097
TotalMUFA 23.75 2.42 1.45 26.97 1.58 1.29
Polyunsaturated fatty acid (PUFA)
C18:1n9t 0.94±0.04 0.10±0.00 0.06±0.00 3.03±0.23 0.18±0.01 0.1±0.01 0.007*
C18:1n9c 116.57±2.99 11.87±0.30 7.74±1.09 177.44±11.44 10.36±0.67 8.48±0.55 0.267
C18:2n6t n.d. n.d. n.d. n.d. n.d. n.d.
C18:2n6c 854.51±35.16 86.99±3.58 52.16±2.15 810.39±36.62 47.33±2.14 38.74±1.75 0.003*
C18:3n6 n.d. n.d. n.d. n.d. n.d. n.d.
C18:3n3 2361.4±98.513 240.39±10.03 144.14±6.01 1412.77±71.84 82.51±4.20 67.54±3.43 0.001*
C20:1n9 3.33±0.06 0.34±0.01 0.20±0.00 3.95±0.18 0.23±0.01 0.19±0.01 0.082
C20:3n6 1.04±0.07 0.11±0.01 0.06±0.00 n.d. n.d. n.d. 0.002*
C20:4n6 1.13±0.12 0.12±0.01 0.07±0.01 1.96±0.08 0.11±0.00 0.09±0.00 0.032*
C20:3n3 2.81±0.07 0.29±0.01 0.17±0.00 2.07±0.10 0.12±0.01 0.10±0.00 0.000*
C20:5n3 n.d. n.d. n.d. n.d. n.d. n.d.
C22:1n9 n.d. n.d. n.d. n.d. n.d. n.d.
C22:6n3 n.d. n.d. n.d. n.d. n.d. n.d.
TotalPUFA 3340.73 336.13 204.6 2411.61 140.84 115.29
TOTALFA 4441.64 448.2 271.8 3895.49 227.5 186.22
n.d.: not detected
*significant difference (P< 0.05) between the sample (mg/g lipids) in the same line.
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The fatty acid profile of jambu changed after the cooking process. Basically, there 
was an increase in SFA (C12, C14, C18, C20, and C24), and a decrease in MUFA (C16:1 and 
C20:2) and PUFA (C18:2n6c, C18:3n3, C20:3n6, and C20:3n3) (Table 5), probably due to 
the oxidation of MUFAs and PUFAs (Damodaran et al., 2008). Although a reduction was 
observed in fatty acid levels, MUFAs and PUFAs, the unsaturated fatty acids (62%) were still 
predominant in processed jambu (Table 5), with the predominance of C18:3n3, C16 and 
C18:2n6c, demonstrating that jambu can be nutritionally interesting after the boiling process.
3.6 PHYTOSTEROL LEVELS
The phytosterol β-sitosterol stood out in jambu with the higher contents, followed 
by stigmasterol and campesterol (Table 6). The total phytosterol levels were 18.89 mg/100g 
and 20.56 mg/100g for the raw and processed jambu in dry basis, respectively. According to 
Damodaran et al. (2008), these three phytosterols are predominant in foods. Although the 
phytosterols are practically unabsorbed in humans, they can inhibit the absorption of total 
cholesterols and LDL-cholesterol, thus decreasing the risks of cardiovascular diseases
(Damodaran et al., 2008).
Kaloustian et al. (2008) have reported the predominance of β-sitosterol in cabbage 
and celery. Jambu showed lower β-sitosterol, stigmasterol, and campesterol levels when 
compared to romaine lettuce, and lower stigmasterol levels than coriander leaves. In contrast, 
it contained higher β-sitosterol, stigmasterol, and campesterol levels when compared to 
celery, spinach, and cabbage (Han et al., 2008).
Table 6. Phytosterols content on a dry and wet basis (mg/100g sample and mg/100g lipids) in 









Dry basis Wet basis Dry basis Wet basis
Brassicasterol n.d. n.d. n.d. n.d. n.d. n.d. -
Campesterol 1.45±0.13 0.15±0.01 87.48±8.09 1.37±0.02 0.08±0.00 65.61±1.17 0.352
Stigmasterol 5.02±0.76 0.51±0.08 302.41±46.06 5.62±0.24 0.32±0.01 265.86±11.26 0.117
β-sitosterol 12.42±0.54 1.26±0.05 747.86±32.43 13.57±1.25 0.76±0.07 622.08±59.78 0.424
Stigmastanol n.d. n.d. n.d. n.d. n.d. n.d. -
* significant difference (P< 0.05) between the sample (mg/g lipids) in the same line.
No significant difference was observed in phytosterols content after the boiling 
process of the present study (Table 6). Kaloustian et al. (2008) found almost no changes in β-
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sitosterol, stigmasterol, and campesterol contents of cabbage and celery after 30 min of 
boiling, probably due to the short heating time. In addition, they may also have been protected 
by the presence of unsaturated fatty acids, which are preferably oxidized (Barriuso et al., 
2016).
3.7 PRINCIPAL COMPONENT ANALYSIS 
The principal component analysis (PCA) was used to determine the main 
variables responsible for the differentiation of the chemical properties of raw and processed 
jambu. Figure 1 shows the first two components of the PCA model of the chemical analyses 
of raw and processed jambu. The first and second principal component (PC1 and PC2) 
explained 87.47% of the total variation. The scores plot (Figure 1a) showed that PC1 
(72.88%) was responsible for the formation of two groups, consistent with the discrimination 
of processed and raw jambu. A loading vector of a PCA defines the linear combination of the 
variables of a particular component. Figure 1b shows the loadings of the PC1 that were 
ranked in three ranges, taking into account the variables contribution for the PC1 formation. 
Variables with higher contribution are farthest from zero (Figure 1b). 
Variable loadings with opposite signs indicate that they are anti-correlated. The 
raw jambu replicates had negative loadings in the first PC, while the processed jambu 
replicates had positive loadings. Thus, the raw jambu replicates were positively correlated 
with carbohydrates, total fiber, vitamin C content (L-AA and DHAA), some amino acids 
(tryptophan, threonine, and glutamic acid), some unsaturated fatty acids (C20:2, C22:2, 
C18:2n6c, C18:3n3, C20:3n3, and C20:3n6) and minerals, with the exception of Na (Figure 
1b). Likewise, the processed jambu replicates were positively correlated with energy value, 
moisture, ash, protein, some amino acids (lysine, arginine, cysteine, glycine, methionine, 
proline, and leucine), and SFA (C:12, C:18, C:20, C:22, and C:24). Lipids content, Na, most 
amino acids, and some fatty acids presented a medium correlation with raw and processed 
jambu. The phytosterols and the amino acids hydroxyproline, tyrosine, valine and total amino 
acids were near zero, presenting a smaller correlation. Therefore, the PCA demonstrated that 
the greatest losses in jambu during boiling concerned the carbohydrates levels, total dietary 
fiber, minerals, unsaturated fatty acids, and vitamin C (L-AA and DHAA).
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Figure 1. Scores (A) and loadings (B) of principal component analysis. (B) I – Proximate 
composition (g/100g d.b); II – Minerals (mg/100g d.b); III – Fatty acids (mg/g lipids); IV –
Amino Acids (mg/g protein); V – Vitamin C (mg/100g d.b); VI – Phytosterols (mg/100g d.b). 
EV: Energy value, M: moisture, L: Lipids, P: Protein, A: Ash, C: Carbohydrates, TF: Total 
fiber.
4. CONCLUSION
Jambu exhibited higher protein, ash, carbohydrates, total fiber, minerals (Ca, Mg, 
Fe, Zn, K, Cu and Mn), phytosterols and some amino acids (asparagine, valine, glutamic acid 
and isoleucine) levels when compared to conventional vegetables. After boiling, the main 
losses were observed in carbohydrates, total fiber, minerals (Ca, Mg, Fe, Zn, K, Cu and Mn), 
vitamin C, and unsaturated fatty acid contents. In contrast, the content of phytosterols, 
sodium, lipids, and many amino acids had a medium or little contribution in the 
differentiation of raw and processed jambu. Both raw and processed jambu have proven to be 
good alternatives to increase the diversity of vegetables consumed, even with the nutrients 
lost observed after the boiling process. Therefore, 
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ABSTRACT
Jambu (Acmella olerarea) is a plant native to the Amazon Biome used in local cuisine 
and folk medicine. This study investigated the total phenolic compounds (TPC), total 
flavonoids (TF), antioxidant capacity by ABTS ((2,2'-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid)), FRAP (ferric Reducing Antioxidant Power), DPPH (1,1-diphenyl-2-
picrylhydrazyl), ORAC (Oxygen Radical Absorbance Capacity), HOCl (hypochlorous acid 
scavenging activity), H2O2 (hydrogen peroxide scavenging activity), and O
•-
2 (superoxide
anion radical scavenging activity), and the antimicrobial activity of raw and processed jambu
(subjected to boiling process for 8 min). Although the TPC, TF, ABTS, FRAP, DPPH, and 
ORAC values have doubled after the heat treatment, a reduction of the antioxidant capacity 
against HOCl and H2O2 was observed. Both raw and processed jambu presented antimicrobial 
activity against Salmonella Choleraesuis and Pseudomonas aeruginosa. In addition, raw 
jambu was also able to inhibit Staphylococcus aureus, and only the heat-treated jambu was 
able to inhibit Bacillus cereus. Thus, jambu has proven to provide health benefits, and the 
cooking process can increase the availability of some bioactive compounds.
Keywords: Spilanthes oleracea, neglected vegetable, thermal process, antibacterial,
antioxidant, ROS.
1. INTRODUCTION
Currently, there are about 30,000 known edible plants however, just 150 species 
are used by humans and only 30 species constitute the basis of world food. Less well-known 
species, which are consumed and restricted to a region, are called neglected food plants, 
which usually have high levels of fiber, proteins, and bioactive compounds. Thus, knowledge 
of these plants is of extreme importance for contributing to food security, preservation of 
cultural and genetic diversity, and increase the income of rural populations (IPGRI, 2002; 
FAO, 2004). 
Jambu (Acmella oleracea (L.) R.K. Jansen or Spilanthes oleracea; sin. Spilanthes 
acmella var. oleracea) stands out among the neglected plants. It belongs to Asteraceae family 
and is native to the Amazon region. In the north of Brazil, jambu is consumed, mainly 
cooked, as an ingredient in typical dishes such as tacacá and duck in tucupi sauce 
(Nascimento et al., 2013). Besides the culinary use, jambu is also used in folk medicine for 
the treatment of mouth, throat, and teeth diseases, rheumatism, anemia, influenza, among 
others. The great majority of the studies on jambu has focused on the bioactive compound 
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spilanthol, which presents several biological activities, such as anesthetic and anti-
inflammatory properties (Nomura et al., 2013). However, few studies have investigated the 
content and activity of other bioactive compounds in jambu, including the phenolic 
compounds.
There are several in vitro analytical methods for the determination of antioxidant 
capacity in biological material. However, the comparison between them in food is a difficult 
task due to the different antioxidant compounds, their different mechanisms of action and the 
use of different substrates, probes, reaction conditions, and quantification methods. Thus, the 
total antioxidant capacity of the sample cannot be evaluated by one method alone. Therefore, 
more than one method is generally employed for the determination of antioxidant capacity, 
and the ABTS, FRAP, ORAC, and DPPH assays stand out among the methods (Huang et al., 
2005; Zang et al., 2017).
Studies of the antioxidant capacity of jambu have used free radicals scavenging 
methods, which do not mimic the physiological conditions, such as DPPH and FRAP assays 
(Abeysiri et al., 2013; Borges et al., 2015). More recent methodologies have been developed 
for the evaluation of antioxidant capacity with the use of reactive oxygen species (ROS)
present in the human body. These methods are more sensitive with results equivalent to those 
observed in the body, including the hydrogen peroxide (H2O2) scavenging assay, 
hypochlorous acid scavenging assay (HOCl), and superoxide anion assay (O•-2) (Chiste et al., 
2011; Berto et al., 2015a).
Several medicinal and aromatic plants have shown antimicrobial activity, which is 
associated with the presence of essential oils and bioactive compounds generated by their 
secondary metabolism. However, great variations are found in the literature, since the 
antimicrobial activity depends on several factors, including the content of bioactive 
compounds found in the sample, the extraction solvent, the extraction method, as well as the 
analytical method used (Balouiri et al., 2016; Siddiqui et al., 2016). 
Although jambu is consumed mainly in the cooked form, to date no studies have 
investigated its characteristics after thermal processing. During heating, transformations occur 
in both the vegetal structure and physicochemical composition. Thus, complex biochemical 
reactions can lead to the release and increase of bioavailability of some compounds and loss 
of others, with changes in the product quality and reduction of its biological activity (Olsen et 
al., 2012; Giallourou et al., 2016). In view of this, the aim of this study was to evaluate the 
effect of heat treatment on total phenolic compounds, total flavonoids, antioxidant capacity 
(ABTS, FRAP, DPPH, ORAC, HOCl, H2O2, and O
•-
2) and antimicrobial activity of jambu.
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2. MATERIALS AND METHODS
2.1. SOLVENTS AND REAGENTS
The following reagents were purchased from Sigma-Aldrich (United States): 
ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)), TPTZ (2,4,6-tr (2-pyridyl) -s-
triazine), DPPH (1,1-diphenyl-2-picrylhydrazyl), AAPH (2,2'-azobis (2-
methylpropianamidine)), n-dimethylformamide (DMF), dihydroramine 123 (DHR), phenazine 
methosulfate (PMS), nitrotetrazolium blue chloride (NBT), nicotinamide adenine dinucleotide 
(NADH), bis-n-methylacridine nitrate (lucigenin), Müller-Hinton broth and the standards 
gallic acid, catechin, and Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid). 
The reagents and solvents Na2CO3, NaNO2, AlCl3, NaOH, K2S2O8, FeCl3, C2H3Na2O.3H2O, 
fluorescein sodium salt, KH2PO4, K2HPO4, tris (hydroxymethyl) aminomethane, HCl, glacial 
acetic acid, methanol and dimethylsulfoxide (DMSO) were purchased from Synth (Brazil). 
Folin Ciocalteu reagent was purchased from Vetec (Brazil). Sodium hypochlorite and 
hydrogen peroxide were purchased from Dynamics (Brazil). Sulfuric acid was purchased 
from J. T. Baker (United States).
2.2. OBTAINING THE SAMPLES
The Jambu purchased from local markets of Belem, Para, Brazil was botanical 
identification by the herbarium of "Embrapa Amazônia Oriental", Belem, Para, Brazil (NID 
number: 21/2017). After flowers, roots, and damaged leaves were eliminated, jambu was 
washed in running water and 620 g were cooked for 8 min in 5 L of boiling water. Raw and 
processed jambu were freeze-dried (Terroni®, model LS3000), milled (Quimis, model Q-
298A21), and stored at -18 °C in a vacuum sealed aluminum package until analysis.
2.3. PREPARATION OF THE EXTRACTS
The methanolic extract was prepared as reported by Izadiyan & Hemmateenejad 
(2016). For extraction, 0.25 g of freeze-dried sample and 10 mL of 65.2% methanolic solution 
were vortexed (Ajmicronal VB3B013673) for 2 min. The blend was homogenized on 
ultrasound bath (UltraCleaner USC-1400A) at a frequency of 37 kHz at 49 ºC for 20 min. 
Then, centrifugation was performed (Harrier MSB080.CR2.H) for 10 min at 3000 rpm. 
Finally, the extracts were filtered through filter paper and the final volume was adjusted to 10 
mL with the extraction solution. The extracts were stored in an amber flask at -80 °C until 
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analysis. For the antimicrobial activity, the extracts were rotavaporated (Fisatom 801) at 30 
°C under vacuum until methanol evaporation, and then freeze-dried and stored at -80 °C until 
analysis.
2.4. DETERMINATION OF TOTAL PHENOLIC COMPOUNDS (TPC)
The total phenolic content of raw and processed jambu extracts was determined 
according to the method of Folin Ciocalteau (Singleton et al., 1999). An aliquot of 25 μL of 
extract was transferred into a well of a microplate. Then, 125 μL of Folin Ciocalteau and 
water (1:10) was added. After 5 min, 100 μL of 7.5% sodium carbonate (m / v) was added. 
The mixture was allowed to stand for 2 h protected from light. Then, absorbance was read at 
760 nm in a microplate reader (BMG Latech®, Fluostar Omega, Germany). Quantification 
was performed using a gallic acid calibration curve (17 to 76 μg/mL), and the results were 
expressed as milligrams of gallic acid (GAE) per gram of sample, on a dry basis (mg GAE / 
g).
2.5. DETERMINATION OF TOTAL FLAVONOIDS (TF)
The determination of total flavonoids was performed according to the 
methodology described by Zhishen et al. (1999). For that, 100 μL of extract, 400 μL of 
distilled water, and 30 μL of 5% NaNO2 (w/v) were mixed. After 5 min, 30 μL of 10% AlCl3
(w/v) was added. After 6 min of rest, 200 μL of 1M NaOH and 240 μL water were added. 
Then, 250 μL of the mixture was transferred into a well of a microplate and absorbance 
readings were performed at 510 nm in a microplate reader. Quantification was performed 
using a catechin calibration curve (50 to 201 μg / mL), and the results were expressed as mg 
catechin equivalent (CE) per gram of sample, on a dry basis (mg E / g).
2.6. DETERMINATION OF ANTIOXIDANT CAPACITY
2.6.1. ABTS assay (ABTS radical scavenging activity)
The antioxidant capacity based on the deactivation of the ABTS●+ radical was 
determined according to the methodology described by Re et al. (1999). The ABTS●+ solution 
consisting of ABTS (14 mM) and potassium persulfate (4.9 mM) in a ratio of 1: 1 was stored 
for 16 h protected from light and room temperature. The solution was diluted with ethanol to 
give an absorbance of 0.70 ± 0.02 at 734 nm. Subsequently, 10 μL of extract and 1000 μL of 
ABTS●+ were placed into an Eppendorf tube. After 20 min of reaction, as established in 
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preliminary tests, absorbance readings were performed at 734 nm in a microplate reader. 
Quantification was performed using a Trolox calibration curve (399 to 1798 μM), and the 
results were expressed as Trolox equivalent per gram of dry sample (μmol TE / g).
2.6.2. FRAP assay (Ferric reducing antioxidant power)
The determination of the antioxidant capacity by the ferric tripyridyltriazine 
reduction (Fe+3-TPTZ) was performed according to the method described by Benzie & Strain 
(1999). At the time of analysis, the FRAP reagent was prepared in the proportion of 10: 1: 1 
(v/v/v) of 300 mM acetate buffer, 20 mM hexahydrate ferric chloride, and 10 mM TPTZ (in 
40 mM HCl). For the reaction, 10 μL of extract, 300 μL of FRAP reagent and 30 μL of 
distilled water were mixed. Then, an aliquot of 250 μL was transferred into a well of a 
microplate, which was held at 37 °C for 15 min. Absorbance readings were measured at 593 
nm in a microplate reader. Quantification was performed using a Trolox calibration curve 
(129 to 609 μM), and the results were expressed as Trolox equivalent per gram of sample, on 
a dry basis (µmol TE/g).
2.6.3. DPPH assay (DPPH scavenging activity)
The determination of antioxidant capacity by the elimination of DPPH● radical 
was performed as described by Mensor et al. (2001). In eppendorf tubes, 180 μL of extract 
and 70 μL of 0.3 mM DPPH methanolic solution were mixed. After 1 h, as established in 
preliminary tests, absorbance readings were performed at 518 nm in a micro-plate reader. 
Quantification was performed using a Trolox calibration curve (14 to 46 μM), and the results 
were expressed as Trolox equivalent per gram of sample, on a dry basis (µmol TE/g).
2.6.4. ORAC assay (Oxygen radical absorbance capacity)
The antioxidant capacity against the peroxyl radical was performed as described 
by Dávalos et al. (2004). In the well of a microplate, 20 μL of extract and 120 μL of 70 nM 
fluorescein (in 75 mM phosphate buffer - pH 7.40) were mixed. After standing for 15 min at 
37 °C, 60 μL of 12 mM APPH solution (in 75 mM phosphate buffer - pH 7.40) was added. 
Thereafter, the fluorescence was read immediately at 37 °C at 520 nm emission wavelength 
and 485 nm excitation wavelength at every 1 minute for 80 min. Quantification was 
performed using a Trolox calibration curve (10 to 102 μM), and the results were expressed as 
Trolox equivalent per gram of sample, on a dry basis (µmol TE/g).
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2.7. REACTIVE OXYGEN SPECIES (ROS) SCAVENGING ASSAYS
For all ROS assays, a microplate reader (BMG Latech®, Fluostar Omega, 
Germany) equipped with a thermostat and capable of measuring fluorescence, UV/Vis, and 
luminescence was used. Each assay was performed in four independent experiments. In all 
experiments, six different concentrations of the sample were analyzed in duplicate. Sequential 
dilutions were carried out using the extraction solvent. The results were expressed as the 
concentration (mg of freeze-dried sample/mL) required to neutralize 50% of the reactive 
species (IC50). The IC50 value was calculated using GraphPad Prism 5 software (GraphPad 
Software, USA), and gallic acid was used as a positive control.
2.7.1. Hypochlorous acid scavenging activity (HOCl)
The ability of raw and processed jambu extracts to inhibit the oxidation of DHR 
by HOCl was determined according to Gomes et al. (2007). A 2887 μM solution of DHR in 
DMF was prepared and stored at -80 °C under N2 atmosphere and protected from light. 
Immediately prior to the analysis, a 30 μM DHR working solution in 100 mM phosphate 
buffer (pH 7.4) was prepared. For the preparation of the HOCl reactive species, pH of a 1% 
NaOCl solution was adjusted to 6.2 (10% H2SO4). The concentration of the HOCl solution 
was determined in a spectrophotometer at 235 nm, considering the molar absorptivity of 100 
M-1cm-1. Then, a solution of 30 μM HOCl in 100 mM phosphate buffer (pH 7.4) was 
prepared. All working solutions were kept in an ice bath protected from the light. For HOCl 
scavenging assay, 150 μL of 100 mM phosphate buffer (pH 7.4), 50 μL of diluted extract, 50 
μL of DHR and 50 μL of the HOCl solution were placed into a 96-well microplate. 
Fluorescence readings were performed immediately at 37 °C at 528 ± 20 nm emission and 
480 ± 20 nm excitation. A blank containing only DHR and buffer, and a control containing 
DHR, HOCl, and buffer were used as a blank.
2.7.2. Hydrogen peroxide scavenging activity (H2O2)
The ability of raw and processed jambu extracts to inhibit the oxidation of the 
lucigenin probe was determined as described by Gomes et al. (2007). For analysis, 91.5 μL of 
50 mM TRIS-HCl buffer (pH 7.4), 50 μL extract at different concentrations, 100 μL lucigenin 
(1998 μM in 50 mM TRIS-HCl buffer) and 8.5 μL of H2O2 (30%) were placed into a well of a 
microplate. Luminescence readings were performed immediately after plate preparation, and 
after 5 min of incubation at 37 °C. A blank containing only lucigenin and buffer, and a control 
containing H2O2, lucigenin, and buffer were used as the blank.
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2.7.3. Superoxide anion radical scavenging activity (O•-2)
The ability of raw and processed jambu extracts to inhibit the reduction of the 
NBT probe by the O•-2 radical was determined as described by Gomes et al. (2007). For that, 
19 mM potassium phosphate buffer (pH 7.40) was initially prepared, which was used to 
prepare the NADH (996 μM), NBT (86 μM) and PMS (16.3 μM) solutions. For the analysis, 
50 μL of extract at different concentrations, 50 μL of NADH, 150 μL of NBT and 50 μL of 
PMS were placed into a well of a microplate. Absorbance readings were performed at 560 nm 
after 2 min at 37 ºC. A blank containing only NBT and buffer and a control containing 
NADH, NBT, PMS, and buffer were used as the control.
2.8. ANTIMICROBIAL ACTIVITY
The antimicrobial activity of the raw and processed jambu extracts was evaluated 
against the microorganisms Escherichia coli ATCC 11775, Salmonella Choleraesuis ATCC 
10708, Pseudomonas aeruginosa ATCC 13388, Staphylococcus aureus ATCC 6538, Bacillus 
cereus CCT 2576, and Candida albicans ATCC 10231, of the Microbiology Division of the 
Multidisciplinary Center for Chemistry, Biology and Agriculture (CPQBA - Unicamp). The 
inocula were prepared by diluting the cell mass in 0.85% (w/v) NaCl solution, adjusted to 0.5 
on the McFarland scale and confirmed by spectrophotometer readings at 625 nm. Cell 
suspensions were diluted at 106 CFU/mL in Mueller-Hinton broth (DIFCO®).
2.8.1. Minimum Inhibitory Concentration assay (MIC)
The antimicrobial activity was determined using the microdilution method used 
for the determination of the minimum inhibitory concentration (MIC) (CLSI, 2002; CLSI, 
2012). The freeze-dried extracts were diluted in Müller-Hinton broth, and 100 μL was 
transferred to a sterile 96-well microplate. Sequential dilutions were performed in subsequent 
wells (10 mg/mL - 0.15 mg/mL). Then, 100 μL of the standard inoculum was placed into the 
wells, and incubated at 36 ° C for 24 h under aerobic conditions. Chloramphenicol 
(antibacterial activity assay) or nystatin (antifungal activity assay) was used as the reference 
standard. MIC was defined as the lowest extract concentration capable of inhibiting microbial 
growth.
2.8.2. Minimum Bactericidal Concentration / Minimum Fungicide Concentration 
(MBC/MFC)
An aliquot of 10 μL of the cell suspension with no microorganism growth in the 
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MIC assay and 3-fold higher were cultured in Petri plates containing nutrient agar (DIFCO®). 
The plates were incubated at 36 °C for 24 h under aerobic conditions. MBC/MFC was defined 
as the lowest extract concentration capable of inhibiting microbial growth on the agar surface. 
2.9. STATISTICAL ANALYSIS
The experiments of TPC, TF, and antioxidant capacity were performed in 
triplicate. The results were analyzed using the Statistica 7.0 software (StatSoft, USA) using 
the paired T-test at 95% confidence and analysis of variance (ANOVA) at the 95% 
confidence level.
3. RESULTS AND DISCUSSION
3.1 TOTAL PHENOLICS, TOTAL FLAVONOIDS, AND ANTIOXIDANT CAPACITY
Total flavonoids (TF) were the major total phenolic compounds (TPCs) found in 
raw and processed jambu methanolic extracts, with similar levels of both classes (Table 1). In 
the raw and processed jambu extracts, the highest antioxidant capacity was observed in the 
ORAC assay followed by the ABTS, FRAP, and DPPH assays (Table 1). Thus, jambu
contains bioactive compounds with greater capacity to capture the peroxyl radical (ROO•) and 
a lower capacity for inactivation of Fe+3 and the ABTS and DPPH radicals.
Table 1. Content of total phenolics compounds, total flavonoids, and antioxidant capacity of 
raw and processed jambu (mean ± standard deviation, on dry basis).
Jambu p-value
Raw Processed
Dry basis Wet basis Dry basis Wet basis
TPC (mg GAE/g) 5.65±0.44 0.58±0.04 10.94±0.39 0.64 ±0.02 0.001*
TF (mg E/g) 5.12±0.61 0.52±0.06 10.16±1.15 0.57±0.08 0.045*
ABTS (µmol TE/g) 56.43±3.26 6.14±0.58 110.06±8.83 6.43±0.52 0.014*
FRAP (µmol TE/g) 42.65±2.99 4.35±0.30 103.61±9.96 6.05±0.58 0.005*
DPPH (µmol TE/g) 16.58±0.95 1.91±0.34 39.98±4.20 2.33±0.25 0.013*
ORAC (µmol TE/g) 207.75±8.89 21.17±0.91 294.56±12.97 17.20±0.76 0.006*
* significant difference (p <0.05) between samples (dry basis) in the same line. TPC: total 
phenolics compounds; TF: total flavonoids.
Borges et al. (2015) found similar TPC levels and lower TF values in leaves and 
inflorescence of jambu. Abeysiri et al. (2013) studied jambu leaves, flowers, and stem, and 
found lower TPC and antioxidant capacity by FRAP method when compared to the present 
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study. Khan et al. (2016) found higher TPC levels in arugula and watercress when compared 
to raw and processed jambu. The raw jambu had lower TPC level than that found by Chu et 
al. (2002) in spinach and higher than the levels found for lettuce, cabbage, and celery.
Bernaert et al. (2014) found lower TPC levels and antioxidant capacity determined by ORAC 
and DPPH assays in garlic when compared to the present study. Jambu presented lower 
antioxidant capacity determined by FRAP when compared to cabbage, purple cabbage, 
parsley and spinach analyzed by Halvorsen et al. (2002), and higher antioxidant capacity by 
FRAP than celery, garlic pore, lettuce, and cabbage. The antioxidant capacity of jambu as 
measured by ORAC assay was higher than that found by Cao et al. (1996) in kale, spinach, 
cabbage, lettuce, and celery.
After cooking jambu, a significant (p <0.05) two fold increase was observed in 
TPC and TF levels, and antioxidant capacity determined by ABTS, FRAP, DPPH, and ORAC 
assays (Table 1). The increase in TPC and antioxidant capacity (FRAP) was not observed by 
Giallourou et al. (2016) e Olsen et al. (2012) after cooking watercress and cabbage, 
respectively. After cooking the leek in water (up to 20 min) and steam (up to 20 min), the 
antioxidant capacity by ORAC and DPPH of the white base of leek remained constant or 
increased, with a decrease in TPC levels (Bernaert et al., 2014).
Changes in the physiochemical composition and antioxidant capacity during 
thermal processing of food depend on several factors including the stability of the compound, 
the food matrix, and the processing conditions. Possibly the heat treatment of jambu may have 
led to a softening of the plant matrix and increased cell wall permeability, in addition to the 
breakdown of covalent bonds between phenolic compounds and macromolecules such as 
proteins, cellulose, and carbohydrates. Thus, a greater release of the bioactive compounds 
from the food matrix may have occurred. Heating may also lead to the formation of 
antioxidant compounds, such as products of the Maillard reaction and the oxidation of 
phenols (Chang et al., 2006; Yeo & Shahidi, 2017).
The most common methods for determination of the antioxidant capacity (ABTS, 
FRAP, and DPPH) were used to evaluate jambu as compared to other vegetables. However, 
these methods utilize free radicals that are not present under physiological conditions. Thus, 
the antioxidant capacity of raw and processed jambu was also determined by the 
hypochlorous acid scavenging assay (HOCl), Superoxide anion radical scavenging activity 
(O•-2), and hydrogen peroxide scavenging activity (H2O2) (Table 2 and Figure 1).
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Table 2. Hypochlorous acid scavenging activity (HOCl), Superoxide anion radical scavenging 
activity (O•-2), and hydrogen peroxide scavenging activity (H2O2) from raw and processed 
jambu extracts using gallic acid as a standard.
ROS Jambu (IC50 - µg/mL) Gallic Acid
(IC50 - µg/mL)Raw Processed
HOCl 47.99±3.42b 86.54±4.24a 0.33±0.05c
H2O2 6224.33±99.52
b 9138.00±621.14a 172.27±15.14c
O•-2 n.d. n.d. 187.73±28.60
Different letters in the same line indicate a significant difference between IC50 values on a dry 
basis (p <0.05).
n.d. – not detected. 
The HOCl is a compound formed by neutrophils, which belong to a class of 
immune cells with strong microbial properties. However, at higher concentrations, HOCl is a 
powerful oxidant that interacts with DNA molecules, fatty acids, and proteins, besides being 
considered as a pro-inflammatory agent. It has been associated with diseases such as 
Alzheimer's, multiple sclerosis, atherosclerosis and cancer (Berto et al., 2015b; Ribeiro et al., 
2015). The raw jambu had a higher capacity to capture HOCl than the processed jambu (Table 
2 and Figure 1A). The concentration required to inhibit 50% of HOCl activity (IC50) was 
higher for jambu extracts when compared to the gallic acid positive control (Table 2), 
quercetin (0.12 μg/mL), and ascorbic acid (0.5 μg/mL)(Ribeiro et al., 2015). The jambu
extracts evaluated in the present study had a higher capacity to capture HOCl than Trolox 
(134 μg/mL), which is known to be a potent antioxidant (Rodrigues et al., 2013).
Figure 1. HOCl (A) and H2O2 (B) scavenging activity of raw and processed jambu and gallic 
acid. Each point shows the error bar and represents the mean values in four duplicate assays.
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Although H2O2 is poorly reactive, it is able to cross cell membranes and generate 
highly reactive and cytotoxic species. An example is the Fenton reaction, in which H2O2 
reacts with transition metals (Cu+ and Fe +2) and generates the peroxyl radical (HO•), which is 
a reactive species in biological systems (Pistón et al., 2014). In the present study, the raw 
jambu was more effective to capture H2O2 than the processed jambu (Table 2, Figure 1B). 
Both raw and processed jambu presented lower H2O2 scavenging activity when compared to 
the gallic acid positive control (Table 2 and Figure 1B), quercetin (526.35 μg/mL), ascorbic 
acid (116.50 μg/mL), and acid 5-caffeoylquinic acid (544 μg/mL) (Rodrigues et al., 2013; 
Ribeiro et al., 2015). Similarly to H2O2, the superoxide anion O
•-2 is not a very reactive 
compound. However, under physiological conditions, it is the precursor of highly reactive 
species, such as the peroxyl radical (•OH) and singlet oxygen (1O2) (Berto et al., 2015a). The 
jambu samples exhibited no O•-2 scavenging activity even at the highest concentration tested 
(8333 μg/mL).
A positive correlation with TPC and TF was observed when the ABTS, DPPH, 
FRAP, ORAC assays were used (Table 1). However, a correlation was not observed between 
the TPC and TF levels and the antioxidant capacity determined by HOCl and H2O2. The 
processed sample, which presented higher contents of these compounds, showed a lower 
HOCl and H2O2 scavenging activity. Similar results were found by Vissotto et al. (2013), who 
observed no correlation between TPC and TF in the H2O2 scavenging activity assay. 
According to Melo et al. (2015), the phenolic compounds gallic acid, procyanidin B1, and 
epicatechin showed no or low correlation with HOCl and O•-2 reactive oxygen species. 
Therefore, the antioxidant capacity of the jambu determined by HOCl and H2O2 assays must 
be correlated with other bioactive compounds, which may have been extracted by the 
methanolic solution and were not evaluated in this study.
The results of the antioxidant capacity of the raw and processed jambu determined 
by the common methods (ABTS, DPPH, FRAP, and ORAC) and the reactive oxygen species 
(HOCl and H2O2) were not equivalent. Those methods indicated that processed jambu was 
more effective against the oxidizing agents, while the results of ROS showed the higher 
antioxidant capacity of raw jambu (Table 1). The lower antioxidant capacity (HOCl and 
H2O2) of the heat-treated jambu may be due to losses of some bioactive compounds by the 
temperature and/or leaching of these compounds to the cooking water.
As also observed in the present study, Melo et al. (2015) found that the ABTS and 
DPPH methodologies did not estimate correctly the antioxidant capacity for HOCl and O•-2. 
As ROS are reactive species found in the body, the results obtained using these methods 
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should be closer to the activity of the bioactive compounds from jambu in the human 
organism. 
The raw and processed jambu methanolic extracts showed high IC50 values for 
HOCl and H2O2 inhibition (Table 2). However, other methods use different ROS (
1O2, HO
2, 
among others) and RNS (ONOO-, ON•, among others), thus the antioxidant capacity of jambu
can be investigated using other methods to elucidate the mechanisms of action of bioactive 
compounds.
Despite the low antioxidant capacity determined by the HOCl and H2O2 assays, 
the ingestion of small portions of raw and heat-treated jambu may bring health benefits. 
According to the present results, the intake of about 60 mg of raw jambu in natura or 156 mg 
of cooked jambu may be sufficient to inhibit 50% of HOCl and H2O2 activity. However, in 
vivo studies are needed to demonstrate the antioxidant capacity of jambu in the body. The 
present results are also interesting to encourage new studies with the aim of characterizing 
new bioactive compounds found in jambu.
3.2 ANTIMICROBIAL ACTIVITY
Raw and processed jambu methanolic extracts presented antimicrobial activity 
(MIC) against Salmonella choleraesuis and Pseudomonas aeruginosa at concentrations of 10 
mg/mL and 5 mg/mL, respectively (Table 3). Salmonella choleraesuis is a pathogenic 
microorganism capable of causing foodborne infection. Among the Salmonella genus, 
Salmonella choleraesuis is responsible for the majority of deaths (Jay et al., 2006), while 
Pseudomonas aeruginosa is a microorganism capable of causing pneumonia, urinary and 
pyogenic infections. Both microorganisms are Gram-negative and thus have a complex outer 
membrane, which hinders the penetration of the antimicrobial agent (Stover et al., 2000; 
Siddiqui et al., 2016). Despite the higher resistance of Salmonella choleraesuis and 
Pseudomonas aeruginosa, the raw and processed jambu methanolic extracts were able to 
inhibit these microorganisms. 
Although Staphylococcus aureus is a gram-positive bacteria found in the skin and 
nasal fossa, they can lead to gastroenteritis, abscess formation, pyogenic infection and 
septicemia and bacteremia (Kim et al., 2004; Siddiqui et al., 2016). At the maximum 
concentration tested (10 mg/mL), only the raw jambu showed antimicrobial activity (MIC) 
against this microorganism. The processed jambu did not exhibit antimicrobial activity 
probably due to thermal degradation or loss of bioactive compounds by leaching. 
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Table 3. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal / Fungicide 
Concentration (MBC / MFC) in mg / mL of raw and processed jambu extracts.
Micro-organismos Jambu
Raw Processed
Escherichia coli (ATCC 11775) MIC > 10.0 > 10.0
MBC > 10.0 > 10.0
Salmonella choleraesuis (ATCC 10708) MIC 10.0 10.0
MBC > 10.0 > 10.0
Pseudomonas aeruginosa (ATCC 13388) MIC 5.0 5.0
MBC > 10.0 > 10.0
Staphylococcus aureus (ATCC 6538) MIC 10.0 > 10.0
MBC > 10.0 > 10.0
Bacillus cereus MIC > 10.0 1.25
MBC > 10.0 > 10.0
Candida albicans (ATCC 10231) MIC > 10.0 > 10.0
MFC > 10.0 > 10.0
Bacillus cereus is a gram-positive microorganism that can cause food poisoning 
(Jay et al., 2006). Only the processed jambu was able to inhibit the growth of Bacillus cereus
at the concentration of 1.25 mg/mL, which was the highest activity observed for the 
microorganisms under study. In the processed jambu, a release or formation of bioactive 
compounds through the action of heat in the vegetable matrix may have occurred (Izadiyan & 
Hemmateenejad, 2016). None of the extracts showed bacteriostatic activity against 
Escherichia coli and Candida albicans at the maximum concentration tested. The jambu 
methanolic extracts showed no bactericidal or fungicidal activity (Table 3). Holetz et al. 
(2002) have also found no inhibition of Staphylococcus aureus, Bacillus subtilis, Escherichia 
coli, Pseudomonas aeruginosa, Candida albicans, C. krusei, C.parapsilosis and C. tropicalis
for the highest jambu ethanolic extract concentrations studied ( 1 mg/mL). In contrast, Jahan 
et al. (2013) investigated the jambu stem ethanolic extract (2 mg/20 μL) and found 
antimicrobial activity against Staphylococcus aureus, Staphylococcus epidermidis, 
Streptococcus pyogenes, Escherichia coli, Klebsiella pneumoniae and Salmonella typhi.
Voravuthikunchai et al. (2005) found no antimicrobial activity for both aqueous and 
methanolic extracts of jambu against Staphylococcus aureus, Streptococcus mutans and 
Salmonella typhi, whereas Prachayasittikul et al. (2009) found no antimicrobial activity of 
jambu methanolic extract against 27 microorganisms tested. Those authors also reported that 
the chloroform extracts were able to inhibit the microorganisms Streptococcus pyogenes and 
Saccharomyces cerevisiae. The different results found by those authors can be due to the 
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edaphoclimatic conditions and the different solvents and techniques of extraction and
quantification used.
4. CONCLUSION
Both raw and heat-treated jambu presented antioxidant capacity determined by 
FRAP, DPPH, ABTS, ORAC, HOCl, and H2O2 assays in vitro. The present study 
demonstrated that the cooking process of jambu increased by about twice the total phenolic 
compounds, total flavonoids, and antioxidant capacity determined by the ABTS, DPPH, 
FRAP, and ORAC methods. However, a reduction in the HOCl and H2O2 scavenging capacity 
was observed for the heat-treated jambu. The raw jambu showed antimicrobial activity against 
Salmonella choleraesuis, Pseudomonas aeruginosa and Staphylococcus aureus, while the 
processed jambu was able to inhibit Salmonella choleraesuis, Pseudomonas aeruginosa, and
Bacillus cereus. Thus, the ingestion of raw and heat-treated jambu can provide health 
benefits, though further studies are needed to characterize the bioactive compounds of jambu
and to elucidate their mechanisms of action. 
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ABSTRACT
A Plackett-Burman design was used to improve the extraction method of eleven 
polycyclic aromatic hydrocarbons (PAHs) from jambu (Acmella oleracea (L.) R.K. Jansen), a 
neglected plant native to Amazon region. QuEChERS method based on acetonitrile and NaCl 
extraction were used followed by two clean-up steps: a dispersive solid-phase extraction (d-
SPE) with PSA, SAX, C18 and MgSO4, and a liquid-liquid extraction with hexane. For 
quantification, a gas chromatograph mass spectrometry (GC-MS) was used. The method was 
validated for its limits of detection and quantification, linearity, matrix effect, precision, and 
accuracy. The analyses demonstrated the incidence of benzo(a)anthracene, chrysene and 
benzo(b)fluoranthene in jambu, with a significantly higher incidence of chrysene in the 
samples harvested at 50 m (2.76 µg/kg) from the highway, in comparison with those 
harvested at 160 m (1.49 and 1.64 µg/kg) and 2000 m (1.57 µg/kg).
Keywords: Plackett-Burman, QuEChERS, GC-MS, PAH, Spilanthes acmella.
1. INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are a large class of environmental 
organic contaminants. PAHs are produced by geological processes and by the incomplete 
combustion of organic matter and fossil fuels, especially gasoline and diesel. They are 
composed of carbon and hydrogen atoms forming two or more fused aromatic rings. PAHs 
can be classified as low molecular weight (2-3 rings) and high molecular weight (4-6 rings), 
with stability and toxicity increasing with the increase in the number of aromatic rings (EFSA, 
2008; Purcaro et al., 2013).
The reports of the 64th meeting of the Joint FAO/WHO Expert Committee on 
Food Additives (JECFA) have shown that the PAHs benzo(a)anthracene, chrysene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a,h)anthracene, 
dibenzo(a,e)pyrene, dibenzo(a,h)pyrene, dibenzo(a,i)pyrene, dibenzo(a,l)pyrene, and 
indeno(1,2,3-cd)pyrene, were considered genotoxic and carcinogenic (FAO/WHO, 2005). 
Although PAHs themselves are not toxic, after absorption, they are metabolized to facilitate 
the excretion in feces, bile and urine, thus being biotransformed by CYP-dependent mono-
oxygenase in active intermediate compounds, such epoxides, phenols, dihydrodiols, phenol 
dihydrodiols, dihydrodiol epoxides, quinones, and tetrols. Then, they are conjugated with 
glutathione, glucuronic acid or sulfate. Some of these intermediaries may form DNA and 
protein adducts, which is considered to be the first step in the initiation of PAH-induced 
carcinogenesis. Human exposition to PAHs may cause liver toxicity, reproduction defects, 
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immunotoxicity, genotoxicity, haematological, mutagenic, and carcinogenic effects (SCF, 
2002; Sagredo et al., 2009; IARC, 2010; Purcaro et al., 2013). 
In general, PAHs are found in the air either as gaseous molecules (2-4 rings) or 
adsorbed at particles surface (4-6 rings). Vegetables may be contaminated with PAHs through 
absorption by the wax layer or deposition of contaminated particles on their surface (SCF, 
2002). PAHs can also be absorbed through roots, in smaller concentrations, from 
contaminated soil (Chen et al., 2015).
Many vegetables may be contaminated with PAHs due to the incomplete 
combustion of fossil fuel in automotive engines, which can contaminate the plantations, once 
almost all jambu (Acmella oleracea (L.) R.K. Jansen or Spilanthes acmella) consumed in 
Belem-PA is cultivated near highways. The jambu is a neglected plant, native to Amazon 
region, which is widely used in the local culinary and popular medicine. Therefore, the Belem 
population exposure to PAHs contamination through jambu should be investigated
(Nascimento et al., 2013). 
Even though vegetables are a potential source of human exposure to PAHs, there 
is no legislation on PAHs in this kind of food anywhere in the world (EC, 2002; Plaza-
Bolaños et al., 2010; EU, 2011b). The European Commission (2002) has emphasized the need 
to obtain PAHs profiles and concentrations in food, to establish new maximum permitted 
levels (EC, 2002; Plaza-Bolaños et al., 2010).
Soxhlet or liquid-liquid extraction (LLE) with different solvents (ethyl acetate, 
acetone, dichloromethane, dichloromethane, toluene, cyclohexane, hexane) are the main 
PAHs extraction methods used for vegetables. Since vegetables are a complex matrix, 
containing pigments, organic acids, sugars, among others components, an efficient clean-up 
step is required. Therefore, the extraction methods are followed by a clean-up step using 
solid-phase extraction (SPE) cartridges, glass column or gel permeation chromatography. 
However, these techniques are time-consuming, expensive and demand a large solvent 
volume (Tao et al., 2004; Zohair et al., 2006; Viegas et al., 2012; Sadowska-Rociek et al., 
2013; Sadowska-Rociek et al., 2014). 
An alternative extraction procedure for the analysis of PAHs in food is 
QuEChERS (quick, easy, cheap, effective, rugged and safe). This method was developed by 
Anastassiades et al. (2003) for multi-residues pesticides in vegetables and fruits, and consists 
of an extraction step based on an acetonitrile/salt-out partitioning and a clean-up step using a 
dispersive solid-phase extraction (d-SPE). QuEChERS method can be easily modified to 
better adapt to the analyte and matrix. This technique has already been used for the extraction 
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of acrylamide, veterinary drugs, alkaloids, perfluorinated compounds and PAHs in foods
(Mastovska & Lehotay, 2006; van Leeuwen & de Boer, 2007; Krska et al., 2008; Stubbings & 
Bigwood, 2009; Lehotay et al., 2010; Sadowska-Rociek et al., 2013). 
Plackett-Burman design (PB) is an effective way to improve an extraction 
method. PB allows simultaneous evaluation of many independent variables in the extraction 
method with a small number of experiments. By calculating the main effects, it is possible to
fix or eliminate variables, within only a small number of experiments. Therefore, it is a more 
economic design, which can lead to a desired operational condition (Plackett & Burman, 
1946; Rodrigues & Iemma, 2014). 
Thus, the aim of this study was to develop an extraction method for eleven PAHs 
in jambu using a Plackett-Burman design. Moreover, since the combustion of fossil fuel can 
be a source of PHA contamination, the incidence of these compounds in jambu was evaluated,
taking into account the distance the plants were grown from the highway.
2. MATERIALS AND METHODS
2.1. SAMPLES
Jambu plants were collected from different location in Para, Brazil. The places of 
harvest were chosen considering their distance from the highway, as follows: one sample (N1) 
was harvested 50 m from the highway (latitude 1°16’35.9”S, longitude 48°05’54.0”W), three 
(N2, N3, and N4) were harvested 160 m from the highway BR-316 (latitude 1°16’38.3”S, 
longitude 48°05’53.7”W), and two samples (F1 and F2) were harvested 2000 m from the 
highway (latitude 1°16’06.7”S, longitude 48°06’00.3”W). On the same day, the plants were 
selected by eliminating the roots, flowers, and damaged leaves. Then, they were washed in tap 
water, dried at room temperature, frozen at -18 °C, freeze-dried, milled, and stored under 
vacuum until analyses. All samples were analyzed in triplicate, and the results were given on 
a dry weight basis.
2.2. STANDARDS AND CHEMICALS
The PAHs standards benzo(a)anthracene (B(a)A), chrysene (Chr), 
benzo(b)fluoranthene (B(b)F), benzo(k)fluoranthene (B(k)F), benzo(a)pyrene (B(a)P), 
indeno(1,2,3-cd)pyrene (Ind), dibenzo(a,h)anthracene (D(a,h)A), and dibenzo(a,i)pyrene 
(D(a,i)P) and the isotopically labeled internal standard (IS) chrysene-d12 (Chr-d12) were 
purchased from Supelco Inc. (Bellefonte, PA, USA). The standards dibenzo(a,l)pyrene 
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(D(a,l)P) and dibenzo(a,e)pyrene (D(a,e)P) were purchased from Cerilliant (Round Rock, TX, 
USA). Dibenzo(a,h)pyrene (D(a,h)P) was purchased from TCI (Portland., OR, USA). 
Individual stock solutions of the analytes (20 -32 µg/mL) were prepared by diluting the 
standards in toluene. A working standard mixture of all PAHs analytes was prepared at 500 
ng/mL in toluene. All standard solutions were stored at 5 °C.
Primary secondary amine (PSA; particle size 50 µm), strong-anion exchange 
(SAX; particle size 50 µm), and C18-bonded silica (particle size 50 µm) were purchased from 
Supelco Inc. (Bellefonte, PA, USA). Acetonitrile and hexane HPLC-grade and anhydrous 
MgSO4 were purchased from J.T. Baker (Phillipsburg, NJ, USA). HPLC-grade toluene was 
purchased from AlliedSignal (Morristown, NJ, USA). NaCl was purchased from Vetec 
(Xerém, RJ, Brazil). The water used in the experiments was purified in the Milli-Q system 
(Millipore, Billerica, MA, USA).
2.3. INSTRUMENTATION
For PAHs quantification, a gas chromatograph-mass spectrometry (GC-MS) 
(Agilent, Santa Clara, CA, USA) was used. The system consisted of a 7890A GC with 
G4513A auto-injector and a 5975C single quadrupole inert mass selective detector with 
electron ionization (EI) chamber. Data were acquired and processed with Agilent MS 
ChemStation Enhanced Data Analysis Software E 02.02.1431.
PAHs determination was done according to the method developed by Petrarca 
(2017), with the injector at 300 °C, and injection of 3µL of sample in splitless mode. The 
PAHs separation was done at a ZB-5HT capillary column (20 m x 0.18 mm I.D. x 0.18 µm 
film thickness, Phenomenex, USA). Ultra-pure Helium, at a 1 mL/min flow rate, was used as 
a carrier gas. The oven temperature program started at 80 °C, ramped to 200 °C at 20 °C/min, 
then to 280 °C at 5 °C/min, to 300 °C at 15 °C/min, then ramped to 310 °C at 5 °C/min, and 
finally ramped to 320 °C at 10 °C/min and held for 5 min. The total run time was 31.3 min. 
The electron ionization energy was 70 eV. The temperature of the MS transfer line, the ion 
source, and the MS quadrupole was set at 300 °C, 300 °C, and 180 °C, respectively.
Analyses were conducted with a solvent delay of 5 min, in the selected ion mode 
(SIM). For each PAH, at least three specific ions were selected, being one target ion and at 
least two qualifying ions (Table 1). Five groups were formed, according to PAHs retention 
time and ions selected, and dwell time between 50 and 100 ms was selected as a function of 
the number of ions monitored per group. The compounds were identified by comparing the 
retention time of peaks with the respective standards. Quantification was carried out by 
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internal standardization, with Chr-d12 as an internal standard, using seven-point matrix-
matched calibration curves.
Table 1. List of PAHs and internal standards and their structure, molecular weight (MW), 




























B(a)P 252 20.65 20.2 3.11
252, 
250, 253


















aInternal standard, b Purcaro et al. (2013) and Petrarca (2017), c Quantification ions in bold.
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2.4. PAHs EXTRACTION METHOD
First, the freeze-dried jambu samples were, subjected to the QuEChERS 
extraction, according to Sadowska-Rociek et al. (2014), to verify whether they were 
contaminated by PAHs. Briefly, the sample (1 g) was weighed in glass containers and 
vortexed for 1 min with water (10 mL) and acetonitrile (10 mL). Then, NaCl (1 g) and MgSO4
(4 g) was added and the tubes were vortexed for 1 min and centrifuged for 15 min. The upper 
layer was transferred to a glass tube containing PSA (0.15 g), SAX (0.15 g), and MgSO4 (0.9 
g). The mixture was vortexed for 1 min, centrifuged for 5 min, and the supernatant was 
partitioned with hexane at the ratio of 1:1 (v/v). The upper phase was evaporated under 
nitrogen stream and re-dissolved with toluene (1 mL). Finally, the extract was analyzed under 
the same conditions described in Section 2.3.
Afterward, a Plackett-Burman design was used to screen the variables that may 
affect the ratio PAH/IS area in jambu (Plackett & Burman, 1946; Rodrigues & Iemma, 2014).
An aliquot of 1 g of jambu was spiked with 50 µg/kg of the PAH standard mix and 20 µg/kg 
of IS. For extraction (Figure 1), eleven independent variables were evaluated at two different 
levels, high (+1) and low (-1). The variables were water volume (10 and 15 mL), NaCl 
concentration (0.5 and 1.5 g), MgSO4 concentration 1 (1 and 5 g), vortex time 1(1 and 5 min), 
PSA concentration (0 and 0.3 g), SAX concentration (0 and 0.3 g), C18 concentration (0 and 
0.3 g), MgSO4 concentration 2 (0 and 1.8 g), vortex time 2 (1 and 5 min), vortex time 3 (1 and 
5 min), extract: hexane ratio (1:0.5 and 1:2), and vortex time 4 (1 and 5 min). To ensure the 
sufficient degree of freedom to calculate the standard error, the design included sixteen tests 
(four more than the number of independent variables) and four central points (0) (Plackett & 
Burman, 1946; Rodrigues & Iemma, 2014). The total design matrix consisted of 20 
experiments (Table 2) performed randomly to eliminate the external effects. After the 
selection of the variables, another Plackett-Burman design was conducted for the 
development of the PAHs extraction method for jambu. The statistical analyses were carried 
out by using the online software Protimiza Experimental Design (http://experimental-
design.protimiza.com.br/).
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Figure 1. Scheme of PAHs extraction of jambu
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2.5. IN-HOUSE VALIDATION OF THE DEVELOPED METHOD
The PAHs method was validated for limit of detection (LOD), limit of 
quantification (LOQ), linearity, matrix effect, precision (repeatability and intermediate 
precision) and accuracy. LOD and LOQ were obtained by spiking the matrix with PAHs 
standard mixture. LOD consisted of the lowest analyte likely to be reliably distinguished from 
the noise (three-time noise/ratio). LOQ was determined to give a signal to noise ratio of 6.
Linearity and matrix effect were determined by PAHs calibration curve, prepared 
in toluene and in matrix-matched with the concentrations ranging from LOQ to 50 µg/kg. The 
calibration curves were made with seven points, in triplicate, and measurements were 
performed randomly. Linearity for each PAH was evaluated by the curve linear regression, 
lack of fit, and square correlation coefficient (R2). The matrix effect (ME) was calculated for 
each PAH, where ME(%) = [(Slopematrix-matched calibration - Slopereagent-only calibration)/ Slopereagent-only 
calibration]*100 (Kwon et al., 2012).
The precision and accuracy were determined through recovery tests, which were 
performed by spiking blank samples with PAHs standard mixture at 1.5, 26, and 40 µg/kg. 
For the repeatability test, the samples were spiked three times at each level (n=3). For 
accuracy and intermediate precision, the same test was repeated on three different days (n=9) 
by the same analyst and under the same chromatographic conditions. Accuracy was reported 
as percent recovery, whereas repeatability and intermediate precision were expressed as the 
percentage of relative standard deviation (% RSD).
3. RESULTS AND DISCUSSION
3.1 PAHs EXTRACTION METHOD
To minimize the risk of eliminating those variables that were significant to the 
extraction method, a significance level of 10% was used to evaluate the effects estimated by 
the Plackett-Burman design (Rodrigues & Iemma, 2014). As shown in Table 3, the responses 
most influenced by the variables tested were Ind (7 variables), D(a,h)A (5 variables), and 
D(a,l)P (6 variables). The variables with a significant (p < 0.1) effect on a higher number of 
responses belonged to the clean-up step. These variables were PSA affecting B(a)A, Chr, 
B(b)F, B(k)F, B(a)P, and D(a,l)P; SAX affecting B(b)F, B(k)F, B(a)P, Ind, D(a,h)A and 
D(a,l)P; MgSO4 2 affecting B(a), Chr, Ind, D(a,l)P and D(a,h)P; vortex 3 affecting B(a), Ind, 
D(a,h)A, D(a,l)P, D(a,e)P, D(a,i)P and D(a,h)P; and extract:hexane ratio, that influenced B(a), 
Chr, Ind, D(a,l)P, D(a,e)P and D(a,h)P. 
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For the extraction step, the increase in water volumes from 10 to 15 mL affected 
positively (p < 0.1) only D(a,l)P, which indicates no effect of water content on the extraction. 
Thus, the water volume was fixed at the lower level, once the factor did not present a 
considerable variation between the lower and the higher level tested for D(a,l)P. The increase 
in NaCl content from 0.5 to 1.5 g had a significant positive effect (p < 0.1) on D(a,e)P and 
D(a,i)P extraction. The NaCl content was fixed at the central point (1 g) since the factor 
values of these responses were not different at the levels 0 and 1, showing a statistically 
significant curvature (p < 0.1). Vortex 1 was statistically significant (p < 0.1) from 1 to 5 min 
for Ind, D(a,h)A, D(a,e)P, and D(a,i)P, producing a positive effect on these responses since 
they were able to interact more with the extraction solvent. Whereas the curvature was 
statistically significant (p < 0.1) for all responses affected by vortex 1, this variable was fixed 
at the central point (3 min). Since the increase of MgSO4 1 from 1 to 5 g caused a significant 
negative effect (p < 0.1) on B(b)F, Ind and D(a,h)A extraction, it was selected for a 
subsequent design.
Vortex 2 (1 to 5 min) was the only variable that did not influence significantly any 
response. Thus, it was fixed at the lower level (1 min). Vortex 3 (1 to 5 min) significantly 
affected (p < 0.1) a higher number of responses, having a negative influence on B(a), Ind, 
D(a,h)A, D(a,l)P, D(a,e)P, D(a,i)P, and D(a,h)P extraction, probably due to the greater 
interaction between the compounds of interest and the sorbents, favoring their retention. 
Therefore, vortex 3 was fixed at the lower level (1 min). The extract: hexane ratio was also 
fixed at the lower level (1:0.5) since it produced a significantly negative effect (p < 0.1) on six 
responses (B(a), Chr, Ind, D(a,l)P, D(a,e)P and D(a,h)P); however, it was essential for the 
extraction process. Vortex 4 was fixed at the central point (3 min) as it was statistically 
significant (p < 0.1) for B(a)P, with high factor values both at the higher and lower levels. 
Although the variable MgSO4 2 caused a significant positive effect (p < 0.1) on B(a), Chr, 
Ind, D(a,l)P and D(a,h)P extraction, higher concentrations would impair the determinations, 
thus this variable was fixed at the higher level (1.8 g). PSA and SAX were selected for a 
subsequent design since a significant (p < 0.1) positive effect was observed in more than half 
of the samples. The increase in C18 content from 0 to 0.3 g was statistically significant (p < 
0.1), with a large positive effect on the responses Ind and D(a,h)A, thus this variable was 
selected for a subsequent design.
After a visual evaluation of the extract color (Figure 2), a dark green color was 
observed in the extracts when no sorbents were used (tests 16 – Table 2), with a small color 
reduction when using one of the sorbents (PSA - test 5, SAX - test 2 or MgSO4 -test 4). 
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However, the extracts were still dark green. Similar results were observed for the combination 
of SAX/MgSO4 (test 11) and PSA/MgSO4 (teste1), with a change to green when the three 
sorbents were used together (PSA, SAX, and MgSO4 -test 13). When C18 (test 3) was used 
alone or combined with the others sorbents (test 8, 9, 10, 12, 14, 15, 17, 18, and 19), there was 
a considerable color change from dark green to a light green. Therefore, C18 was important for 
the pigment elimination during the clean-up step.
Figure 2. Extracts from the first Plackett-Burman design.
A second Plackett-Burman design was performed to screen the four variables 
(MgSO4 1, PSA, SAX, and C18) selected in the previous design. Each variable was studied at 
two different levels (-1 and +1) (Table 4). Sixteen experiments were performed randomly. 
The ratio PAH/IS area was evaluated for all eleven PAHs (Table 4).
Only a small color variation, from light green to light yellow, was observed 
among the extracts (Figure 3). The variable MgSO4 1 (0-2.5 g) has shown a significant 
negative effect (p < 0.1) for B(b)F, D(a,h)A, and D(a,l)P extraction (Table 5), and was fixed 
at the lower level (0 g) as none of these compounds presented a significant curvature (p > 
0.1). The variable PSA was fixed at the higher level (0.4 g), as it had a positive effect (p < 
0.1) from 0.15 to 0.4 g for B(a)A, Chr, B(k)F, D(a,e)P, D(a,i)P and D(a,h)P, while the 
curvature was not statistically significant (p > 0.1). SAX was the only variable that was not 
statistically significant (p > 0.1) for any response with the increase in concentration from 0.15 
to 0.4 g, thus it was fixed at the lower level (0.15 g). The variable C18 negatively affected (p < 
0.1) the responses Ind, D(a,h)A, D(a,l)P, D(a,e)P, D(a,i)P and D(a,h)P with the increase from 
0.15 to 0.4 g, and was fixed at the lower level (0.15 g) because the curvature was not 
statistically significant (p > 0.1).




To confirm the good recovery of the method developed, two different tests (in 
triplicate) were applied. In the first test, PAHs standard mix (50 µg/kg) and IS (20 µg/kg) 
were added before the extraction procedure, and in the second test the standard were added 
after the extraction. Recovery was estimated as follows: RE(%) = (ratioextract spiked 
before/ratioextract spiked after)*100, where ratio is the PAH/IS area. 
According to the European Community, recovery values between 50 and 120% 
are acceptable in analytical methods for B(a)P extraction (EU, 2011a). Therefore the PAHs 
recovery estimation was satisfactory since the percentages ranged from 58 to 117% (Figure 
4). However, we attempted to increase the percent recovery under 75% since the method was 
still under development. Thus, different C18 concentrations were tested (0.00 g, 0.05 g, 0.10g, 
and 0.15 g), once this sorbent negatively affected (p >0.1) the D(a,h)A, D(a,e)P, D(a,i)P and 
D(a,h)P extraction. Even though PSA caused a significant increase in these compounds, it was 
not tested because it also positively affected the Chr extraction, which was already near 120% 
of recovery. 
Figure 4. PAHs recovery estimation (%) at different C18 concentrations. The bars indicate 
standard deviation and different lowercase letters in same group indicate significant difference 
(p < 0.05).
No significant (p > 0.05) changes were observed for D(a,h)A, D(a,e)P, D(a,i)P 
and D(a,h)P recovery when using 0.1 g of C18, but a significant increase (p < 0.05) in the 
percent recovery was observed for both B(a)P (from 85.51±10.52 to 110.18±8.13%) and 
B(b)F (from 104.63±6.29 to 122.35±8.22%). Since the B(b)F estimated recovery was higher 
than 120%, the concentration of 0.1 g of C18 was discarded. Although a significant increase (p 
< 0.05) was observed in D(a,i)P and B(a)P recoveries at the concentrations 0.05 g and 0 g of 
C18, the Ind estimated recovery was very low (16.80%) at C18 concentration of 0 g. Thus, 0.05 
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g of C18 was used for the PAHs extraction.
Therefore, the extraction method developed in the present study consisted of the 
addition of 1 g of freeze-dried jambu, 10 mL of water and 10 mL of acetonitrile in a glass 
tube, which was vortexed for 3 min. Then, 1 g of NaCl was added, vortexed for 1 min, and 
centrifuged for 15 min at 3000 rpm. The upper layer (4 mL) was transferred to another glass 
tube containing 0.4 g of PSA, 0.15 g of SAX, 0.05 g of C18, and 1.8 g of MgSO4, which was 
vortexed for 1 min and centrifuged for 5 min at 3000 rpm. Afterward, 1 mL of the upper layer 
was partitioned with hexane at the ratio of 1:0.5 for 3 min. Then, all upper layer was 
evaporated under nitrogen stream and re-dissolved with 50 µL of toluene. Finally, 3 µL 
extract were injected in a GC-MS. The Figure 5 shows a chromatogram of jambu sample 
extracted using the established conditions in this study.
Figure 5. GC-MS chromatogram jambu with the establshed conditions with 0.05 g of C18 (A) 
and (B) a jambu extract fortified with 50 µg/kg of PAHs and 20 µg/kg of internal standard. 1 -
benzo(a)anthracene; 2 - chrysene; 3 - benzo(b)fluoranthene, 4 - benzo(k)fluoranthene; 5 -
benzo(a)pyrene, 6 - indeno(1,2,3-cd)pyrene, 7 - dibenzo(a,h)anthracene; 8 -
dibenzo(a,l)pyrene; 9 - dibenzo(a,e)pyrene; 10 - dibenzo(a,i)pyrene; 11 -dibenzo(a,h)pyrene; 
IS - chrysene-d12.
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3.2 IN-HOUSE VALIDATION OF THE DEVELOPED METHOD
After the development of the extraction procedure, the analytical method was 
successfully validated according to the figures of merit LOD, LOQ, linearity, matrix effect, 
precision, and accuracy. The LOD and LOQ ranged from 0.2 to 0.5 µg/kg and 0.6 and 1.5 
µg/kg, respectively (Table 6). At the concentration range tested, the method showed linearity 
for all PAHs, once all curves showed R2 higher than 0.99, a significant linear regression and 
no lack of fit at 95% confidence level.
The slopes from the matrix-matched and solvent calibration curve were compared 
through a t-test, with a significance level of 10%, to evaluate the matrix effect. The only PAH 
that did not show a significant difference (p > 0.05) among the slopes was D(a,l)P. Matrix 
effects values (Table 6) demonstrated a signal enhancement for D(a,h)P and a signal 
suppression for the other nine PAHs. The signal diminishment may be due to the deposition 
of a nonvolatile matrix component in the CG inlet and/or front part of the CG column, 
forming new active sites. The signal enhancement is caused by blocking the active sites of the 
CG inlet and/or column (Maštovská et al., 2005). As there was an indication of matrix effect 
for almost all analytes tested, the matrix-matched calibration curves were used to quantify 
PAHs in jambu. 
The repeatability for all PAHs ranged from 3.2 to 14.9% at 1.5 µg/kg, 1.2 to 
15.0% at 26 µg/kg, and 2.9 to 9.7% at 40 µg/kg (Table 6). Intermediate precision ranged from 
8.8 to 16.7% at 1.5 µg/kg, 4.4 to 17.5% at 26 µg/kg, and 4.2 to 17.5% at 40 µg/kg. Accuracy, 
which was measured as percent recovery, ranged from 58.2 to 109% at 1.5 µg/kg, 53.2 to 
108.3% at 26 µg/kg and 55.8 to 99.8% at 40 µg/kg. Therefore, the method was satisfactory at 
the levels tested, in agreement with the European Community for B(a)P extraction 
(Maštovská et al., 2005; EU, 2011a). Thus, it is appropriate for identification and 
quantifications of PAHs in jambu samples.
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3.3 APPLICATION IN SAMPLES
The extraction method developed was applied to six jambu samples, four 
harvested near the highway (N1, N2, N3, and N4) and two harvested far from the highway 
(F1 and F2). Although plants exposed to PAHs may present visible leaf injuries (Desalme et 
al., 2013), no injuries were observed in the jambu of the present study.
The heavier PAHs (D(a,h)A, D(a,l)P, D(a,e)P, D(a,i)P and D(a,h)P) and B(a)P) 
were not detected in the samples. Although B(k)F was detected in N4 and Ind was detected in 
N1, they were not quantified because the concentrations were below the LOQ. The lighter 
PAHs (B(a)A, Chr, and B(b)F) were detected in all samples. However, the concentrations of 
B(a)A and B(b)F of all samples, and Chr of the samples N3 and F1 were not determined since 
they were under the LOQ. However, it was possible to quantify Chr in samples N1 (2.76±0.27
µg/kg), N2 (1.64±0.19 µg/kg), N4 (1.49±0.11 µg/kg), and F2 (1.57±0.08 µg/kg).
The PAHs detected in the jambu samples (B(a)A, Chr, B(b)F, B(k)F and Ind) are 
usually associated with combustion processes, and mainly found in wood smoke and motor 
vehicles emissions (Ravindra et al., 2008). The jambu cultivation area was located near a 
highway, thus the incomplete combustion of fuel in motor vehicles is most likely the main 
source of PAHs. Light-duty gasoline vehicles are responsible for emitting primarily heavy 
PAHs (4-5 rings), while diesel trucks emit mostly light PAHs (3 rings). Since all PAHs found 
in the jambu samples have between 4 to 5 aromatic rings, probably the PAHs tested were 
derived from the emissions of light-duty gasoline vehicles. 
In general, PAHs released from the combustion of fuel in motor vehicles may be 
adsorbed on the surface of microparticles, which can be deposited on the soil or plants surface 
(EFSA, 2008; IARC, 2010). Wieczorek et al. (2015) found small concentrations of anthracene 
and B(k)F in celery exposed for 43 days to these PAHs. Vácha et al. (2010) verified a 
significant reduction of PAHs levels after washing radish shoots, probably due to the removal 
of soil and particulate matter contaminated with PAHs (SCF, 2002). Whereas jambu was
cultivated in a region with a high rainfall incidence (Henry, 2005) and the samples were 
washed before analysis, the PAHs adsorbed to soil and other particles may have been 
eliminated, thus reducing the PAHs levels in the samples to an undetectable level.
According to Rojo Camargo & Toledo (2003), lighter PAHs are more retained by 
fruits and vegetables than heavier PAHs. Their retention depends on several factors including 
the growing site, the plant's proximity to highways cities, or rural area, and the vegetable 
surface area. Therefore, the results obtained in the present study were expected since the 
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samples were contaminated by the lighter PAHs investigated. Although it was expected a 
significant difference (p < 0.05) between the samples harvested near (50 or 160 m) and far 
(2000 m) from the highway, the only significant difference was observed for Chr in the 
sample harvested 50 m from the highway, with no significant differences for the samples 
harvested at distances 160 m and 2000 m (p > 0.05).
Usually, combustion-derived PAHs are deposited close to their source. However, 
they can also be found far from the emission source, depending on the dominant wind 
direction and local temperature (Callen et al., 2008). The PAHs concentration in the 
atmosphere can vary according to the temperature conditions, precipitation, solar intensity, 
among other factors. PAH half-life may decrease when they are exposed to high solar 
incidence and high temperature, since they are more susceptible to photo-decomposition, 
photochemical and/or chemical reactions (Ravindra et al., 2008). According to Ravindra et al. 
(2008) and Desalme et al. (2013), PAHs concentration may decrease by atmospheric 
dissipation and photo or chemical degradation, once PAHs can react with nitrogen dioxide, 
ozone, and sulfuric oxide, but it is mainly degraded by solar radiation (EFSA, 2008), as 
reported by Wieczorek et al. (2015). The jambu of the present study was harvested in Santa 
Isabel-PA, in northern Brazil, which is exposed to a high solar incidence and has an annual 
mean temperature of 30 °C (Henry, 2005). Thus, the PAHs levels in this region can be 
reduced by degradation (photo-decomposition, and photochemical and/or chemical reactions) 
or transportation to different regions, reducing the PAHs absorption by plants.
4. CONCLUSION
A new method for extraction of eleven PHAs from jambu was developed using a 
Plackett-Burman design. The method was faster and used lower solvent volumes. The 
extraction procedures and the chromatographic method were successfully validated. The 
PAHs quantification in jambu was performed by a matrix-matched calibration curve since the 
sample presented a matrix effect for almost all PAHs investigated. All samples were 
contaminated with lower B(a)A, Chr, and B(b)F levels. The samples collected at 50 m from 
the highway presented higher Chr levels, while the samples collected 160 m and 2000 m 
distant from the highway were less contaminated.
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DISCUSSÃO GERAL
Os resultados obtidos no presente trabalho demostraram que o jambu cru
apresentou teor de carboidratos, fibras totais e cinzas superiores quando comparados com 
hortaliças convencionais como alface, repolho, repolho roxo, rúcula e espinafre (NEPA,
2011). O teor de proteína do jambu foi superior ao do repolho, alface roxo, acelga, repolho 
roxo e espinafre.
O jambu apresentou maiores teores do fitosteróis β-sitosterol seguido do 
stigmasterol e campesterol, assim como os demais produtos vegetais (Damodaran et al., 
2008). O jambu apresentou em sua composição minerais como Ca, Mg, Fe, Zn, K, Cu, Mn e 
Na. Sendo que o Ca e K foram os principais minerais encontrados e Cu foi o mineral que 
apresentou menor concentração. De forma geral, o teor de minerais presentes no jambu, com 
exceção do Na, foi superior ao encontrado para hortaliças convencionais (NEPA, 2011).
O perfil de ácidos graxos encontrado no jambu foi composto predominantemente 
por ácidos graxos insaturados. Os principais ácidos graxos foram o ácido linoleico, o ácido 
linolênico, e ácido oleico. Portanto, o jambu apresenta ácidos graxos de boa qualidade 
(Agostoni et al., 2016).  
O jambu apresentou em sua composição todos os aminoácidos analisados com 
exceção da taurina. Os aminoácidos predominantes foram o ácido aspártico e o ácido 
glutâmico, seguidos da arginina, leucina, valina, isoleucina e lisina. Em comparação com 
hortaliças como alface e espinafre o jambu apresenta teores de aminoácidos semelhantes ou 
superiores (NEPA, 2011). Apesar de o jambu apresentar todos os aminoácidos essenciais ele 
possui os aminoácidos sulfurados (cisteína e metionina), triptofano e histidina como 
limitantes para crianças entre 2 e 12 anos (FAO/WHO, 1985).
Os flavonoides (FT) foram os principais compostos fenólicos (CFT) presentes no 
jambu cru e processado (cozido por 8 min em água fervente). Esses e outros bioativos podem 
apresentar diferentes mecanismos de ação. Sendo assim, foram aplicados diferentes métodos 
de capacidade antioxidante nos extratos de jambu cru e processado (Huang et al., 2005; Zang 
et al., 2017). A maior capacidade antioxidante, dentre os métodos mais usuais, apresentada 
pelos extratos foi obtida pelo método ORAC, seguido dos métodos ABTS, FRAP e DPPH. 
Logo, o jambu apresentou maior capacidade de capturar o radical peroxil e menor capacidade 
de desativar o radial DPPH. O teor de CFT e a capacidade antioxidante por FRAP no jambu 
foi superior aos encontrados para alface, repolho e aipo (Chu et al., 2002; Halvorsen et al., 
2002). Os extratos de jambu cru e processado apresentaram capacidade de captação do HOCl. 
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No entanto, o jambu cru necessitou de uma menor concentração para atingir o IC50. Porém, 
ambos os extratos apresentaram capacidade antioxidante por HOCl inferior aos padrões gálico 
(0,33 µg/mL), quercetina (0,12 µg/mL) e ácido ascórbico (0,5 µg/mL) (Ribeiro et al., 2015). 
Contudo, apresentaram maior capacidade de inibição do HOCl do que o padrão Trolox (134 
µg/mL) (Rodrigues et al., 2013). A amostra de jambu cru apresentou maior eficiência para 
captar o H2O2 do que o jambu processado. A capacidade de captação do H2O2 do jambu foi 
inferior aos dos padrões ácido gálico (172,27 µg/mL), quercetina (526,35 µg/mL), ácido 
ascórbico (116,50 µg/mL) e o ácido 5- cafeoilquinico (544 µg/mL) (Rodrigues et al., 2013; 
Ribeiro et al., 2015). Os extratos de jambu cru e processado não apresentaram nenhuma 
capacidade de captação do O•-2 na maior concentração testada (0,01 g/mL).
Os extratos metanólicos de jambu cru apresentaram atividade antimicrobiana 
(MIC) contra a Salmonella choleraesuis e Pseudomonas aeruginosa e Staphylococcus aureus. 
Na concentração máxima testada, não apresentou atividade bacteriostática contra Escherichia 
coli e Candida albicans nem atividades bactericida ou fungicida (MBC).
No processamento térmico ocorrem reações bioquímicas que provocam a 
mudança da matriz vegetal. A parede celular é amolecida pelo calor, consequentemente há o 
aumento de sua permeabilidade. Sendo assim, nutrientes e compostos bioativos podem ser 
liberados e tornar-se mais biodisponíveis. Porém, esses compostos também se tornam mais 
susceptíveis a serem degradados por pro-oxidantes, temperatura ou serem perdidos por 
lixiviação. Deste modo, a capacidade antioxidante vai depender dos compostos fitoquímicos e 
nutricionais presentes no alimento, de sua sensibilidade, da matriz alimentícia e das condições 
do processamento empregadas (Chang et al., 2006; Yeo & Shahidi, 2017). 
Durante o cozimento houve perdas significativas (p < 0,05) de carboidratos, fibras 
totais, minerais (Fe, Mg e Zn), vitamina C (L-AA e DHAA), e de alguns aminoácidos (ácido 
aspártico, cisteína e triptofano). Outros compostos reduzidos durante o cozimento foram 
ácidos graxos insaturados (C16:1, C20:2, C18:2n6c, C18:3n3, C20:3n6 e C20:3n3). Essas 
perdas foram provavelmente devido a lixiviação e a degradação térmica durante o cozimento. 
Em contrapartida, houve um aumento significativo (p < 0,05) na concentração de proteína e 
cinzas, devido à concentração provocada pela perda de carboidratos e fibras totais. Também 
foi observado o aumento significativo (p < 0,05) no teor do sódio, o que pode estar
relacionado com o Na presente na água utilizada no cozimento (WHO, 2011). 
Os aminoácidos hidroxiprolina, glicina, tirosina, metionina, histidina e lisina 
também aumentaram significativamente (p < 0,05) com o cozimento do jambu. Este aumento 
pode ter sido provocado pela conversão de alguns aminoácidos em outros durante o
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aquecimento (Ziena et al., 1991). A temperatura aplicada durante o processamento do jambu 
pode ter oxidado os ácidos graxos insaturados e os convertido em ácidos graxos saturados, 
sendo assim houve o aumento dos teores de C12, C14, C18, C20 e C24 saturados (Damodaran 
et al., 2008). O processo de cozimento não provocou alterações significativas (p > 0,05) nos 
teores dos aminoácidos alanina, ácido glutâmico, serina, arginina, valina, teobromina, 
isoleucina, leucina e fenilalanina; nos fitosteróis campesterol, estigmatesrol e β-sitosterol, e 
nos ácidos graxos C16:0, C22:0, C22:2 e C18:1n9c.
A análise de componentes principais (PCA) indicou que o cozimento provocou
maiores perdas nos teores de carboidratos e nos teores de fibras totais, minerais, ácidos graxos 
insaturados e vitamina C (L-AA e DHAA). Enquanto que os teores de Na, lipídios e a maioria 
dos aminoácidos demostraram média influencia na diferenciação da composição química do 
jambu cru e processado. Enquanto que os fitoesterois e alguns aminoácidos (hidroxiprolina, 
tirosina, valina e aminoácidos totais) apresentaram baixa correlação na separação do jambu 
cru e processado. Mesmo com as perdas durante o cozimento, o jambu ainda apresentou a 
composição centesimal, o teor de minerais, aminoácidos e ácidos graxos superiores ou 
compatíveis com outras hortaliças convencionais. Deste modo, o jambu cru e processado são 
boas alternativas para o consumo e com potencial para se tornar um vegetal convencional. No 
entanto, assim como para vegetais convencionais, é indicado o consumo do jambu combinado 
com outros alimentos para se atingir a quantidade recomentada dos aminoácidos essenciais. 
Os CFT e FT aumentaram após o cozimento do jambu, os quais devem ter sido 
liberados da matriz devido a aplicação de temperatura. Esses. compostos podem estar 
relacionados com a capacidade antioxidante do jambu pelos métodos de ABTS, DPPH, FRAP 
e ORAC, visto que o cozimento aumentou a resposta para estes métodos. No entanto, os 
compostos responsáveis pelas atividades contra as espécies reativas HOCl e H2O2 devem estar 
relacionadas com outros compostos bioativos, os quais foram perdidos durante o cozimento. 
Alguns compostos fitoquímicos responsáveis pela atividade antimicrobiana dos extratos 
metanólicos do jambu provavelmente foram perdidos durante o cozimento, outros devem ter 
se tornado mais disponíveis e outros não foram influenciados pelo processamento. Como os 
métodos HOCl, H2O2 e O
•-
2 utilizam espécies reativas presentes no organismo humano esses
métodos devem se assemelhar mais com a atividade dos bioativos no organismo humano.
Apesar de jambu cru e processado não apresentarem altas capacidade antioxidante no presente 
trabalho, houve indícios de que podem trazer benefícios à saúde quando consumidos. No 
entanto, são necessários estudos in vivo para comprovar esta ação do jambu no organismo.
Após o cozimento do jambu houve um aumento da capacidade antimicrobiana 
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(1,25 mg/mL) do extrato metanólico do jambu contra Bacillus cereus e a redução do atividade 
contra Staphylococcus aureus. Deste modo, o jambu cru e processado apresentaram indícios 
de ação antimicrobiana.
A maior parte do jambu consumido na região metropolitana de Belém (PA) é 
cultivado em hortas familiares na margem da rodovia BR-316. Deste modo, essas plantas 
estão susceptíveis a contaminação com poluentes provenientes do escapamento de veículos
que trafegam pela rodovia. Entre esses contaminantes estão os HPAs que são formados 
durante a combustão incompleta de combustíveis fósseis, como gasolina e diesel (EFSA, 
2008). Para a avaliação da contaminação do jambu com HPAs um método de extração foi 
desenvolvido através de delineamento Plackett-Burman (PB) e posteriormente foi validado. 
Em seguida, foram testadas seis amostras de jambu. Quatro amostras foram colhidas próximo 
a Br-316 (N1, N2, N3 e N4) e duas foram cultivadas distante da rodovia (F1 e F2). Entre os 
HPAs testados, os mais pesados (D(a,h)A, D(a,l)P, D(a,e)P, D(a,i)P and D(a,h)P) e B(a)P)
não foram detectados em nenhuma das amostras. O B(k)F foi detectado na N4 e Ind foi 
detectado na N1. No entanto, a quantificação não foi possível visto que esses analitos 
encontravam-se abaixo de limite de quantificação. O Chr foi quantificável nas amostras N1 
(2,76±0,27 µg/kg), N2 (1,64±0,19 µg/kg), N4 (1,49±0,11 µg/kg) e F2 (1,57±0,08 µg/kg). Os 
HPAs encontrados no jambu possuem de 4 a 5 anéis aromáticos, os quais são formados 
principalmente durante a combustão incompleta em motores de veículos leves (Ravindra et 
al., 2008). A baixa incidência de HPAs no jambu pode estar relacionada com a lavagem das 
amostras. Durante o processo de lavagem do jambu provavelmente foram removidos 
micropartículas e partículas de solo da superfície do vegetal. Essas partículas podem 
apresentar HPAs mais pesados (4-6 anéis) aderidas a sua superfície (EFSA, 2008; Vácha et 
al., 2010). Deste modo, a lavagem pode ter reduzido os teores de HPAs encontrados no 
jambu. 
Foram encontrados maiores teores de Chr nas amostras a 50 m da rodovia. Porém, 
entre as amostras a 160 m e 2000 m não foram encontradas diferenças significativas (p < 
0,05). Isso pode ter sido provocado devido ao vento e as altas temperaturas da região em que 
as amostras foram cultivadas (Henry, 2005). Deste modo, os HPAs podem ter sido 
transportados para outras regiões com temperaturas mais baixas, onde foram depositados. 
Além disso, os HPAs podem ter sido degradados (foto-decomposição, reações fotoquímicas 
ou químicas) devido a alta incidência de radiação solar (Desalme et al., 2013). 
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CONCLUSÕES GERAIS
O jambu apresentou maiores teores de proteína, cinzas, carboidratos, fibras totais, 
minerais, fitosteróis e alguns aminoácidos (asparagina, valina, ácido glutâmico e isoleucina) 
do que vegetais não convencionais. O jambu cru e processado apresentaram capacidade 
antioxidante pelos métodos in vitro de FRAP, DPPH, ABTS, ORAC, HOCl e H2O2. O jambu 
também apresentou atividade antimicrobiana contra Salmonella Choleraesuis, Pseudomonas 
aeruginosa e Staphylococcus aureus. Após o cozimento as principias perdas foram nos teores
de carboidratos, fibras totais, minerais, vitamina C e ácidos graxos insaturados e na 
capacidade antioxidante por HOCl e H2O2. O jambu cozido apresentou teor de compostos 
fenólicos totais, flavonoides totais e capacidade antioxidante pelos métodos de ABTS, DPPH, 
FRAP e ORAC maior do que o jambu cru. No entanto, levou a perda de atividade 
antimicrobiana contra Staphylococcus aureus e o desenvolvimento da atividade contra 
Bacillus cereu. O jambu apresentou baixa contaminação com os HPAs B(a)A, Chr e B(b)F. 
Assim, o jambu cru e processado demostraram ser uma boa alternativa para o aumento da 
variedade de vegetais na dieta humana. Porém, ainda a muito que se pesquisar a respeito do 
jambu, principalmente sobre as características dos seus compostos bioativos.
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LAUDO DE IDENTIFICAÇÃO BOTÂNICA 
1) Dados do Solicitante
Pessoa Física ou Jurídica: CONSUELO LÚCIA SOUZA DE LIMA - UFPA                                                                                                                         
CPF ou CNPJ: C.I. ou Inscrição Estadual:
Endereço: Rua Marquês de Herval, 110
Bairro: Pedreira CEP: 66085-309 Cidade: Belém UF: PA
Tel: 91 82129776 FAX: E-mail: Sousa@m1pq.br
2) Dados do Material para Análise Nº do NID: 21/2017 (controle do Laboratório)
Local de Origem: Feira livre Quantidade de Amostras: 01
Tipo de Amostra: ( X ) Fértil (  ) Estéril
Nome do Coletor: CONSUELO LÚCIA SOUZA DE LIMA
Data de Entrada no Laboratório: 09.05.2017 Analisado por: Ednaldo Augusto
Destino e/ou Utilização do Laudo: Supervisionado por: Silvane Tavares
3) Processo utilizado para Identificação:
Comparação com exsicatas do acervo do herbário IAN.
Classificação dos gêneros em família segundo APG III.
Lista de espécie da Flora do Brasil. 
RESULTADO DAS ANÁLISES
Cod. Nome Comum Nome Científico Família
01 Jambú Acmella oleracea (L.) R.K.Jansen Asteraceae
Obs: Prazo de permanência do material no laboratório: 60 dias; a partir dessa data, o 
material ficará a critério do laboratório.
Laudo digitado em: 17.05.2017
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